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LECTURES  XXXVI.  XXXVII.  and  XXXVIII. 
Species  ii.  Iron. 

IRON,  called  Mars  by  the  alchemifts,  is  an  imperfect 
metal  of  a  white  colour,  blueifh,  and  inclining  to 
*rey,  difpofed  in  fmall  facets.  It  is  fufceptible  of  a  very 
ine  polifh  and  a  great  brilliancy.  By  its  hardnefs  and 
jlafticity  it  is  capable  of  deftroyfhg  the  aggregation  of 
all  the  other  metals. 

Iron  has  a  fmell,  particularly  when  it  is  heated  or 
■ubbed  :  it  alio  has  a  very  remarkable  llyptic  tafte, 
ivhich  has  a  (trong  effect  upon  the  animal- ccconomy. 

Iron  is  the  lighteit  of  the  metallic  fubftances  except 
:in.  A  cubic  foot  of  this  metal,  forged,  weighs  580 
Dounds.  It  lengthens  by  the  ftroke  ot  a  hammer ;  but 
is  it  is  very  hard,  and  as  it  ftiffens  greatly,  laminated 
eaves  cannot  be  formed  with  it:  its  ductility  in  wire- 
drawing is  much  more  remarkable  ;  it  is  drawn  into 
✓cry  fine  threads,  with  which  harpfichords  are  made. 
This  property  appears  to  depend  on  its  tenacity  :  iron 
is.  indeed  the  mod  tenacious  of  all  the  metals  except 
gold:  a  thread  of  iron,  one-tenth  of  an  inch  in  diameter, 
fupports,  without  breaking,  450  pounds  weight. 
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.Pure  iron  has  a  cryftalline  form  particular  to  itfclf. 
In  the  furnaces  where  this  metal  has  been  {lowly  cool- 
ed, it  has  b?en  found  in  quadrangular  pyramids,  arti- 
culated and  branched,  formed  of  octagons  laid  on  one 
another.  We  owe  this  obfervation  toM.  Grignon,  forge- 
tnafter  at  Bayard  in  Champagne.  J3efides  all  the  proper- 
ties of  which  iron  partakes  in  common  with  the  other 
metallic  fubftances,  it  exhibits  ftill  three  which  are 
peculiar  to  itfelf  alone  :  one  is  magnetifm,  or  the  pro- 
perty of  being  attracted  by  the  magnet,  and  its  beco- 
ming itfclf  a  very  good  magnet,  either  when  it  remains 
a  long  time  in  an  elevated  pofition,  or  in  a  direction 
from  fouth  to  north,;  or  when  it  has  ferved  for  con- 
ducting the  electric  fire  of  thunder,  as  feveral  facts  at- 
tefl; ;  or  when  two  pieces  of  iron  are  ftrongly  rubbed 
againft  one  another.  The  fecond  property  is,  its  taking 
fire  and  fufing  fuddenly  by  the  ftroke  of  flint  ;  a  phe- 
nomenon to  which  the  poets  unanimoufly  afcribe  the 
difcovery  of  fire  by  our  firft  parents.  The  third  pro- 
perty which  diflinguifh.es  iron,  is,  its  being  the  only 
metallic  fubilance  which  is  found  in  plants  and  animals, 
a  part  of  whofe  humours  are  coloured  by  it.  It  is  even 
probable  that  thefe  organic  fubltances  form  this  metal 
themfelves ;  for  the  plants  raifed  in  pure  water  contain 
it,  which  may  be  extracted  from  their  afhes. 

Iron  is  a  very  copious  metal  in  nature,  being  found, 
independently  of  what  is  contained  in  plants  and  ani- 
nimals,  in  almofl  all  the  coloured  (tones,  in  the  bitu- 
mens, and  in  the  greateft  number  of  the  metallic  ores. 
But  we  mall  talk  here  only  of  the  mineral  lubftanc.es 
which  contain  a  great  quantity  of  this  metal,  which  may 
be  fmelted  for  its  extraction.  In  thefe  ores,  which  are 
very  numerous,  the  iron  is  cither  in  a  metallic  or  in  a 
calcined  ftate,  or  mineralized  by  different  fubftances. 

i.  Native  iron  is  diftinguifhed  by  its  colour  and  mal- 
leability. It  is  very  rare,  and  found  only  accidentally  in 
iron  mines.    M.  Margraaf  found  fome  of  it  in  ridges  at 
Ebenfteek  in  Saxony.    Dr.  Pallas  difcovered  fome  of  it 
i  in 
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in  Siberia ;  and  M.  Adanfon  fays  that  it  is  common  at 
Senegal. 

2.  Iron  is  very  often,  in  the  flate  of  ruff,  more  or 
lefs  calcined.  It  then  forms  the  bog  iron  ores.  It  is 
diftingilifhed  into  rich  and  poor  iron,  fufible  and  dry 
iron.  The  rich  is  iro^  only  in  a  fmall  degree  rufty,  and 
containing  only  a  very  fmall  quantity  of  earth.  The  fu- 
fible iron  fufes  eafily,  and  is  of  a  good  quality  :  the  me- 
tal is  combined  only  with  feveral  ftones  of  eafy  fufion. 
The  dry  iron  is  more  calcined,  and  intermixed  with  very 
refradlory  fubftances.  All  the  bog-iron  is  dilpofed  gene- 
rally in  beds,  in  the  fame  manner  as  ftones  are  ;  and  it 
has  the  appearance  of  having  been  depofited  by  water. 
It  is  formed  often  into  kinds  of  helmets  or  fpherical  bo- 
dies, flattened  and  irregular.  It  is  not  rare  to  find  in  it 
organic  Jubilances",  fuch  as  wood,  leaves,  barks,  fhells, 
changed  into  iron.  It  is  neceifary  to  obferve,  that  orga- 
nized fubftances  are  never  found  converted  into  any 
other  metal  but  iron  ;  and  it  appears  that  this  conver- 
fion  greatly  depends  upon  the  analogy  which  fubfifts  be- 
tween this  metal  and  organic  fubltances.  In  the  wood 
of  Boulogne,  near  Auteuil,  there  is  a  mine  of  bog 
iron,  in  which  the  vegetable  fubftances  change  into 
iron  almolt  before  our  eyes. 

3.  The  eagle-ftone,  or  setites,  is  a  variety  of  the 
bog-iron.  Thefe  ftones  are  of  different  forms,  com- 
monly oval  or  polygonal,  formed  of  concentric  layers 
depofited  around  a  nucleus,  which  is  frequently  move- 
able in  the  centre  of  the  (tone.  This  ftone  has  received 
its  name  from  the  belief  that  eagles  depofite  it  in  their 
nefts,  and  that  it  has  the  property  of  facilitating  their 
hatching  :  hence  it  has  been  concluded,  that  it  acted 
ftrongly  upon  the  foetus  contained  in  its  mother's  womb; 
and  fome  authors  have  even  afferted,  that  it  was  poffible 
to  expedite  the  delivery  of  a  woman  in  labour,  by  the 
application  of  the  eagle-ftone  to  her,  or  to  retard  it  by 
applying  it  to  her  arm. 

4.  The  hematites  is  a  kind  of  bog-iron,  which  feems 
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to  be  formed  in  the  manner  of  flalaftites.  Its  name- 
comes  from  its  colour,  which  is  generally  red  or  of  a 
blood  colour  ;  although,  however,  this  colour  varies. 
The  hematires  is  compofed  generally  of  layers,  which 
cover  one  another,  and  are  themfdves  formed  of  con- 
verging needles.  On  the  external  part  of  the  ore  are 
many  tubercles  or  nipples.  The  hematites  is  diftin- 
guifhed  not  only  by  the  colour,  bat  alfo  by  the  form. 
Of  this  kind  is  the  hematites  in  needles  which  is  found 
m  Lorrain,  and  the  nippled  hematites  which  is  in  the 
form  of  raifin-italks,  or  the  botryoid  hematites.  Thefe 
ores  are  found  very  often  along  with  bog-iron. 

5.  The  magnet  is  only  a  bog-ore  of  iron.  It  is  known 
by  its  property  of  attracting  iron-filings.  It  is  found  in 
Auvergne,  in  Spain,  in  the  Bay  of  Bifcay.  The  varie- 
ties of  it  are  diftinguifhed  by  the.  colour. 

6.  The  emerald,  frnyris,  is  a  grey  or  reddifh  ore  of 
iron,  which  leveral  mineralogies  take  for  a  kind  of  he- 
matites. It  is  very  hard  and  refra&ory  ;  there  is  great 
abundance  of  it  in  the  iflands  of  Jerfey  and  Guernfey. 
In  mills  it  is  reduced  to  powder,  which  is  ufed  for  the 
polifhing  of  glafs  and  of  metals. 

7.  The  fparry  iron  is  a  calx  of  iron,  combined  with 
the  chalky  acid,  and  carried  along  by  water,  it  is  ge- 
nerally of  a  white  colour  :  it  is  to  be  found,  however, 
of  all  kinds  of  hues;  of  grey,  yellow,  and  red.  It  is 
always  difpofed  in  greater  or  lefs  laminse,  femitranfpa- 
rent  like  fpar  :  it  is  very  heavy,  and  often  regularly 
cryftallized  :  it  is  found  in  confiderable  quarries,  mixed 
frequently  with  pyrites,  like  that  of  Allevard  in  Dau- 
phine  ;  fometimes  with  the  grey  ore  of  filver,  like  the 
iron  of  Baigorry ;  or  with  manganefe,  like  that  of 
Styrie.  Some  minerajogifts  think  that  this  is  a  fpar,  in 
which  the  metallic  calx  has  been  depofited.  The  fparry 
iron  is  entirely  decompofed,  without  addition,  in  dole 
velTcls,  and  gives  over  the  chalky  acid.  Some  iron  re- 
mains in  a  black  powder,  which  is  very  readily  attracted 
by  the  magnet,  and  which  fufes  eafily  with  a  (Irong  fire. 

8.  Na- 
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8.  Nature  alfo  prefents  iron  in  a  (aline  ftate,  united 
with  the  vitriolic  acid,  forming  martial  vitriol  or  green 
copperas.  This  vitriol  is  found  in  the  galleries  of  the 
jnincs'of  iron,  particularly  of  thofe  which  contain  pyri- 
tes. It  is  found  fometimes  in  green  cryftals,  or  in  the 
form  of  beautiful  ftalactites  ;  at  other  times  it  is  not  fo 
pure,  and  has  fuffered  fome  alteration.  If  it  has  loft 
only  the  water  of  its  cryftaMization,  it  is  of  a  whitifh  or 
greyilh  colour :  it  is  called  fori.  When  it  has  under- 
gone a  little  ftronger  calcination,  it  is'  yellow,  and  call- 
ed mlfy.  -If  the  calcination  has  been  fo  ftrong  as  to 
carry  off  a  confiderable  portion  of  the  acid,  the  vi- 
triol will  be  red,  and  called  colcothar  or  natural  chat- 
ate ;  when  mixed  with  fome  inflammable  matter,  it  is 
called  melanteri^  on  account  of  its  black  colour.  All 
thefe  different  matters  have  received  the  name  of  ink- 
Jlones,  on  account  of  their  property  of  making  ink  like 
vitriol  of  iron. 

9.  Iron  is  found  frequently  united  with  fulphur :  it 
then  forms  martial  vitriol.  This  kind  of  ore  has  received 
the  name  of  pyrites,  becaufe  it  is  fo  hard  as  to  give  many 
fparks  when  it  is  ftrurk  with  fled.  The  martial  pyrites 
are  commonly  in  fmall  round,  fometimes  regular,  maf- 
fes ;  for  the  moll  part,  they  are  fpherical,  cubic,  or 
twelve- fide d.  Their  form  is  very  various  ;  as  is  evi- 
dent from  reading  the  Pyritology  of  Kunckel.  Exter- 
nally-fome  are  brown,  and  of  the  colour  of  iron  ;  others 
are  yeilow,  and  referable  ores,  of  copper,  even  at  their 
furface  :  internally  all  of  them  are  yeliow,  and  feem- 
ingly  coppery  ;  and  are  formed  for  the  mod  part  of 
needles  or  pyramids  of  fevcral  ■  fides,  whofe  tops  con- 
verge to  a  common  centre.  Generally  the  pyrites  are 
found  in  the  neighbourhood  of  iron  mines,  and  difper- 
led  through  the  clays  and  in  coal  pits  :  the  upper  layer  of 
the  latter  confiits  almolt  always  of  pyrites.  All  the  py- 
rites are  eafily  decompofed.  A  very  weak  degree  of 
heat  fuffices  to  carry  off  their  fulphur.  Almoft  all  of 
them  undergo  alteration  when  expofed  to  the  air,  and 
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particularly  in  a  moid  place  :  they  fwell,  burft,  lofe  their 
colour,  and  are  covered  with  a  greenilh  white  effloref- 
cence,  which  is  only  fome  martial  vitriol.  It  feems  that 
this  alteration,  called  vitriolifation  of  the  pyrites,  depends 
upon  the  united  a&ion  of  the  air  and  water  upon  the 
fulphur.  There  is  formed  fome  vitriolic  acid,  which  dif- 
folves  the  iron,  and  is  railed  above  the  pyrites,  like  a 
kind  of  vegetation,  by  gradually  removing  the  fmall  py- 
ramids which  compofe  this  mineral.  All  the  pyrites  do 
not  equally  efflorefce.  The  globular  pyrites,  whofe  co- 
lour is  very  pale,  and  whofe  texture  is  not  very  clofe, 
are  very  quickly  vitriolifed.  Thofe  which  are  of  a  bril- 
liant yellow,  of  a  coppery  colour,  and  are  formed  of 
fmall  laminae  clofely  adhering  to  one  another,  efflorefce 
but  very  difficultly,  and  ought  to  be  carefully  diftin- 
guifhed  from  the  firft,  fince  they  differ  from  them  in 
their  colour,  form,  texture,  and  properties. 

10.  Iron  is  found  combined  alfo  with  arfenic.  The 
ores  of  iron,  combined  with  arfenic,  are  called  wolfram 
or  [puma  lup'i :  they  are  of  a  violet  colour,  more  or  lei's, 
or  red  or  blackifh,  very  much  refembling  that  of  the 
ores  of  tin,  to  which  they  approach  alfo  in  their  confi- 
derabie  weight.  The  arfenic  may  be  ieparated  from 
it  by  roaPdng.  They  are  diftinguifhed  from  the  true  ar- 
fenical  pyrites  or  mifpikel  by  the  colour.  This  laft  is 
white,  frequently  cryftallifed  in  thick  cubes,  and  con- 
tains but  very  little  iron.  The  other  refembles  the  ore 
of  tin  ;  and  feveral  mineralogies  have  thought  that  it 
contained  fame  of  it.  The  wolfram  is  found  in  Franche 
Compte,  in  Vofges,  in  Saxony,  and  other  places. 

it.  Black' iron  is  known  by  its  colour,  by  the  pro- 
perty which  it  potfefles  of  being  attracted  by  the  mag- 
net, and  of  being  quire  foluble  in  the  acids.  This  iron 
is  fometimes  cryilalhTed  in  form  of  polygons  or  in 
rounded  laminae,  and  prefents  vc-ry  brilliantly  the  va- 
rious colours  of  the  rainbow:  of  this  fort  is  that  of  the 
Elbe.  This  iron  forms  a  confiderable  mountain,  which 
is  fmeltcd  in  the  open  air.    The  ore  of  Sweden  is  alfo 
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black  iron,  but  is  not  cryftallifed  :  it  is  in  maffes  more 
or  lefs  folid,  mixed  with  fome  quartz,  fpar,  afbeftus, 
&c.  It  is  often  To  hard  as  to  receive  a  polifh,  and  its 
furface  appears  to  be  like  a  mirror.  It  has  alfo  got,  as 
well  as  the  preceding,  the  name  of  fpecular  ore  ;  consi- 
derable quarries  of  it  are  to  be  found.  This  iron  va- 
ries in  the  intenfity  of  its  colour  :  there  is  fome  of  it 
perfectly  black,  which  the  magnet  readily  attracts ;  fome 
blueilh,  which  is  lefs  attracted  ;  and  fome  grey,  which 
is  very  little.  The  iron  of  Norway  is  alfo  black  iron; 
but  it  is  generally  in  fmall  fcales  like  mica,  frequently- 
mixed  with  grenate  and  fchorl.  Black  iron  afTumes 
fometimes  the  form  of  grains.  It  is  alfo  cryftallized  in 
cubes ;  which  has  caufed  it  to  be  named  by  fome  natu- 
ralifts,  galena  of  iron,  or  eifing  lants.  When  the  ore  of 
iron,  in  the  form  of  mica,  is  of  a  black  colour,  it  is  call- 
ed eifen-mann,  particularly  if  the  fcales  are  very  large: 
when  thefe  fcales  are  red,  and  when  the  powder  which 
covers  them  is  of  the  fame  colour,  it  is  called  cijen-ram. 
The  ore  of  iron  in  eight-fided  black  cryftals,  very  regu- 
lar, and  difperfed  in  a  kind  of  colubrine  or  hard  fteatite, 
which  comes  to  us  from  Sweden,  Corfe,  and  other  places, 
feems  to  belong  to  this  clafs  of  ores  of  iron.  It  is  very 
brittle,  and  attracted  by  the  magnet. 

The  ores  of  iron  are  effayed  in  the  following  man- 
ner :  After  they  are  reduced  into  powder,  they  are 
mixed  with  double  their  weight  of  pounded  glafs,  and 
one  part  of  calcined  borax  :  the  mixture  is  carefully 
rubbed  ;  it  is  put  into  a  crucible,  and  a  little  marine 
fait  added  ;  the  crucible  is  covered,  and  the  fire  applied 
till  it  fufes.  When  the  whole  is  cooled  very  flowly, 
the  malleable  iron  is  generally  found  in  a  fmall  fpheri- 
cal  button,  frequently  cryftallifed  at  its  furface. 

The  treatment  of  the  ores  of  iron  varies  according 
to  the  ftate  in  which  the  metal  is  found.  There  are 
ores  which  have  no  need  of  any  preparation  before  they 
are  fufed  j  others  ought  to  be  pounded  and  warned, 
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fometimes  even  roaftcd,  in  order  to  be  made  more  ten- 
der and  fufible. 

The  bog  and  fparry  iron  are  fmelted  in  the  fame 
way,  by  filling  them  acrofs  coals.  The  furnaces  in 
which  the.  iron  is  fufed  vary  in  height,  which  is  from 
12  to  15  feet.  Their  cavity  reprefents  two  quadrila- 
teral pyramids,  which  join  by  their  bafe  towards  the 
middle  of  the  furnace  ;  this  place  bears  the  name  of 
ctallfgc.  A  hole  is  made  at  the  bottom  of  the  furnace, 
to  give  an  exit  to  the  fufed  metal  i  this  hole,  which  is 
flopped' with  earth,  anfwers  to  a  triangular  canal,  hol- 
lowed in  the  fand,  and  deftined  to  receive  the  fufed 
iron.  Firil  fume  firebrands  lighted  are  thrown  into  the 
bottom  of  the  furnace,  then  charcoal,  and  after  that 
the  ore  and  fome  fufing  fub(tances  :  for  the  moft  part 
tttefe  fubftances  are  calcareous  ftones,  called  caftitie, 
and  fome  argillaceous  ftones  called  arbue^  fometimes 
fome  quartz  or  flints:  the  ore,  the  ftones,  and  char- 
coal, are  thrown  alternately  into  the  furnace,  care  be- 
ing taken  to  cover  the  whole  with  a  layer  of  charcoal, 
which  ought  to  reach  the  iuperior  opening  of  the  far* 
trace.  The  fuhon  is  effected  by  the  aid  of  *-*vo  bellows. 
The  iron  tufes,  being  reduced  by  the  charcoal.  The 
fronv  matters  which  are  added  to  the  ore  becoming  fu- 
fed and  vitrefied,  facilitate  thefufion  of  the  iron,  which 
begins  at  the  top  of  <he  ctallage  of  the  furnace;  the  fufed 
tnefeal  is  collected  at  the  bottom  of  the  furnace,  in  the 
pi  1  ft  called  the  crucible  ;  it  is  made  to  run  by  the  anterior 
opening  of  the  furnace  into  the  canal  hollowed  in  the 

d  j  it  forms  what  is  called  the  font.  After  the  iron, 
there  paffes  a  vitreous  matter  called  flag:  it  is  formed  by 
the  verification  of  the  ftones  which  had  been  added  to  fa- 
cilitate the  fuhon  of  the  iron  :  it  is  of  a  green  whitifh  or 
blue  colour,  which  is  communicated  to  it  by  a  portion 
of  a  lult.d  ca-te  of  iron.  The  font  is  brittle,  and  has 
fl©1  the  ductility  oi  iron.  Metallurgies  are  not  agreed 
the  caufe  of  this  property  of  the  font.  Some 
jfe  that  it  is  owing  to  the  prefence  of  a  portion  of 
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flag ;  others  afcribe  it  to  this,  that  the  iron  is  not  fully 
reduced,  and  contains  a  portion  of  calx.  Brandt  fup- 
pofed  that  it  was  owing  to  arfenic,  and  M.  Sage  thinks 
that  it  is  zinc  which  renders  it  brittle,  M.  Bucquet 
confidered  the  font  as  an  iron  not  properly  reduced, 
which  ftill  contains  a  portion  of  metallic  calx  interpo- 
fed  between  its  parts.  The  metallurgies  diftinguifh  fe- 
veral  kinds  of  fonts,  the  white,  the  grey,  the  black, 
&c.  They  give  the  name  of  fpeckled  font  to  that 
which,  upon  a  grey  furface,  has  black  ftains.  The 
white  font  is  the  worll ;  it  approaches  to  the  character 
of  the  femimetals.  The  grey  holds  the  middle  place 
between  the  firft  and  the  black ;  which  is  the  beft,  and 
furnifhes  iron  of  a  good  quality. 

The  fufed  iron  is  carried  to  the  refining  furnace. 
This  is  a  forge  a  little  hollowed,  in  which  a  mafs  of 
font  is  put,  which  is  covered  with  a  good  quantity  of 
charcoal.  The  fire  is  blown  till  the  iron  begin  to  foft- 
en.  When  it  is  in  this  ftate,  it  is  baked  feveral  times. 
This  kneading  makes  it  prefent  more  furface ;  fo  that 
the  portion  of  iron,  in  the  ftate  of  a  calx,  may  be  re- 
duced. The  metal  is  feparated  alfo  from  a  portion  of 
flags,  which  remain  in  it.  It  is  then  fubjected  to  the 
hammer,  in  order  to  be  reduced  into  bars.  The  ham- 
mering, by  approximating  the  parts  of  the  iron,  faci- 
litates the  feparation  of  the  little  flag  and  of  the  portion 
of  calx  which  it  may  ftill  contain  ;  confequently  it  fi- 
nifhes  what  the  fufion  had  been  unable  to  do  for  want 

being  fufHciently  complete.  The  iron  is  heated  and 
beat  feveral  times,  till  it  be  as  perfect  as  we  wifh  to 
have  it.  Forged  iron  is  diftinguifhed  into  foft  iron 
and  hard  iron  or  fteel. 

Steel  is  the  bell  and  hardeft  iron,  of  the  moll  fine 
and  compact  grain.  The  qualities  of  foft  iron  very 
much  approach  to  thofe  of  Heel :  its  grain,  however, 
is  lefs  compact  ;  and  when  it  is  broken  by  bending,  it 
appears  to  be  compofed  of  filaments  or  fibres.  This  is 
what  is  called  nervous  or  tough  iron.  But  this  appearance  is 

pro- 


'1 3 


LECTURES  ON 


produced  only  accidentally  ;  for  if  the  fofteft  iron  is  bro- 
ken clean,  and  with  one  (broke,  it  does  not  turn  out  of  that 
tough  appearance  \  whilft  by  breaking  the  worft  iron  with 
precaution, it  may  be  made  to  appear  lb.  It  is  rather  more 
expedient  to  attend  to  the  grain  of  the  metal  when  we 
are  to  judge  of  its  quality.  The  hard  iron  is  more  brittle  ; 
its  grain  is  coarfe,  and  feems  to  be  formed  of  fcales : 
it  is  diftinguifhed  into  iron  cracking  with  heat,  and  in- 
to iron  cracking  with  cold.  This  diftinction  is  founded 
upon  experience  ;  the  caufe  of  which  is  not  well 
known.  It  is  not  uncommon  to  find,  in  the  fame  bar, 
brittle  iron,  foft  iron,  and  fteel. 

The  fteel  formed  by  the  forge  is  rarely  perfect  fteel ; 
befides,  it  is  in  fmall  quantity.  By  art  iron  may  be 
converted  into  fteel.  For  this  purpofe  lhort  iron  bars 
are  made  ufe  of :  thefe  are  put  into  an  earthen  box 
full  of  a  cement,  compofed  generally  of  very  combuftible 
matters,  as  the  foot  of  chimneys,  or  the  charcoal  of  ani- 
mal fubftances :  to  thefe  are  added  frequently  cinders, 
calcined  bones,  marine  fait,  or  fal  ammoniac.  The 
box  being  well  filled,  it  is  heated  ten  or  twelve  hours 
till  the  bars  be  very  white  and  beginning  to  fufe.  In 
this  operation  the  iron  is  purified  and  completely  redu- 
ced by  means  of  the  combuftible  matters  which  fur- 
round  it  on  all  fides.  The  portions  which  were  not 
quite  in  a  metallic  ftate  are  metallized.  With  refpecl 
to  the  faline  and  earthy  matters  which  are  added,  what 
purpofes  they  ferve  is  not  well  underftood.  The  fteel 
prepared  in  this  way  is  called  fleel  of  cementation.  This 
feems  to  be  the  pureft  iron. 

Steel  may  be  converted  into  iron,  if  it  is  treated  by 
cementation  with  dry  matters,  and  particularly  with 
calcareous  matters  and  lime,  which  feem  proper  to  cal- 
cine a  part  of  it. 

It  is  evident  that  all  the  preparations  to  which  iron 
is  fubmitted,  are  neceflary  on  account  only  of  its  being 
more  difficultly  fufed,  and  of  its  being  never  perfectly 
purified  by  a  fingle  fufion. 

The 


CHEMISTRY 


*9 


The  ores  of  iron,  and  particularly  the  black  iron, 
like  that  of  the  Ifle  of  Elbe,  contain  fo  much  of  the 
metal,  and  fo  little  altered,  that  they  do  not  require  to 
be  fufed.  It  is  only  foftened  among  the  coals  in  the 
refining  furnace,  and  fubmitted  to  the  hammer.  This 
is  called  the  Catalonian  method:  it  can  be  employed  on- 
ly in  the  cafe  of  ores,  which  contain  few  ftrange  mat- 
ters fulceptible  of  converfion  into  flag. 

The  chemical  properties  of  iron  are  very  numerous ; 
and  for  rightly  understanding  them,  we  muft  examine 
them  in  very  pure  fteel. 

Steel,  expofed  to  a  fire  incapable  of  making  it  red 
hot,  varies  in  its  colours;  it  whitens,  becomes  yellow, 
orange  red,  violet,  and  at  length  blue  :  it  remains  a 
long  time  of  this  lalt  colour ;  but  if  it  receives  a  ftrong- 
er  heat,  it  changes  into  a  difagreeable  water-colour. 
Not  a  considerable  heat  turns  fteel  red  and  bright:  at 
firft  it  is  of  a  cherry-red,  and  at  length  it  is  white  and 
mining,  and  it  burns  with  a  very  fenfible  flame.  It 
does  not  fufe  but  with  an  extreme  heat.  II  fleel-filings 
are -thrown  into  the  middle  of  a  fire,  or  even  acrofs  the 
flame  of  a  candle,  it  fuddenly  takes  fire,  and  produces 
very  vivid  fparks :  fuch  alfo  are  thofe  occafioned  by  the 
flint  of  a  firelock.  The  Iteel  collected  upon  white  pa- 
per is  found  to  be  fufed,  and  to  referable  fcoriae  or 
drofs.  Ordinary  iron,  expofed  to  the  focus  of  M.  de 
Trudaine's  lens,  fuddenly  emits  burning  fparks. 
M.Macquer,  who  fufed  fteel  and  iron  with  this  lens, 
obferved,  that  the  fteel  was  moft  fufible,  owing  cer- 
tainly to  the  metal's  being  pure  and  homogeneous. 
Fufed  iron,  which  cools  flowly,  afllimes  a  particular 
cryftalline  form,  as  has  been  already  obferved.  M. 
Mongez  calls  it  a  pyramid  of  three  or  four  fides.  Steel 
though  very  hard  and  refractory,  is  very  eafily  calci- 
ned :  as  foon  as  it  begins  to  redden,  it  combines  with 
the  air,  and  burns  without  an  apparent  flame.  A  bar 
of  iron,  kept  red  for  a  long  time,  prefents  fcales  at  its 
furface,  which  may  be  ftruck  off  with  a  hammer :  the 
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metal  in  this  cafe  is  only  in  part  calcined,  being  at- 
tracted by  the  magnet.  A  more  perfect  calx  of  iron 
may  be  made,  by  expofmg  foine  Heel-filings  under  a 
muffle  :  it  is  converted  into  a  powder  of  a  reddifli 
brown,  not  attracted  by  the  magnet,  called  crocus  mar- 
tis aftiingens.  This  martial  calx  differs  according  to 
the  ftate  of  the  iron,  and  to  the  degree  of  calcination 
which  it  undergoes.  There  are  fome  croci  martis  of  a 
yellow  brown  ;  others  are  of  a  chelnut  colour;  and 
others  again  are  of  a  finer  red,  and  refemble  carmine. 
Crocus  martis  altringens,  expofed  to  a  very  ftrong 
heat,  fufes  into  a  blackifh  and  porous  glafs.  It  is  in 
part  reduced  by  being  heated  flowly  in  clofe  veffels : 
in  its  reduction  it  affords  a  certain  quantity  of  chalky 
acid  ;  which  would  feem  to  indicate,  that  the  iron  fci- 
zes  upon  this  acid  in  its  calcination,  or  rather  that  the 
pure  air  which  is  united  to  the  metallic-- calx  finds  a 
principle  with  which  it  conftitutes  the  chalky  acid.  In 
another  place,  I  have  offered  a  conjecture  that  this  acid 
is  a  compound  of  pure  air  and  inflammable  gas.  Were 
this  conjecture  demonflra'ed,  it  would  be  eafy  to  ex- 
plain what  paffes  here.  It  is  known  that  iron,  heated 
in  a  pneumato-chemical  apparatus,  affords  inflammable 
gas.  This  fact  has  been'  demonltrated  by  Dr  Prieftley. 
This  gas,  combined  with  the  air  which  conftitutes  the 
calx  of  iron,  forms  aerial  acid.  Whatever  be  the 
theory  of  this  fingular  experiment,  we  muff  agree  that 
it  is  contrary  to  the  new  doctrine  of  calcination,  but  at 
the  fame  time  that  it  does  not  in  a  greater  degree  fa- 
vour the  theory  of  phlogifton.  The  part  of  an  hiflo- 
rian  which  I  have  taken,  requires  that  1  mould  repre- 
fent  what  is  contrary,  as  well  as  what  is  favourable, 
both  to  the  theory  of  the  gafes  and  of  Stahl. 

Crocus  martis  aftringens  is  very  eafily  reduced  by 
means  of  combuftible  matters.  Upon  mixing  it  with 
a  little  oil,  and  flightly  heating  it  in  a  crucible,  it  be- 
comes black  and  eafily  'attrafted  by  the  magnet ;  by 
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this  procefs  may  be  made  a  very  good  fpecies  of  mar- 
tial a;thiops. 

The  pureft  iron,  ex'pofed  tomoift  air,  very  foon  parts 
with  its  metallic  brillancy  :  it  becomes  covered  with  a 
powdery  cruft,  yellowifh,  and  brighter  than  the  crocus 
martis  aftringens.  This  matter  is  called  ruft.  Ordi- 
nary iron  is  much  more  fubject.  to  ruft  than  iteel  is. 
The  more  it  is  divided,  the  more  rapid  is  its  alteration 
by  the  air.  It  is  in  this  way  that  the  medicine  is  prepa- 
red in  pharmacy,  which  is  called  crocus  mart'is  aperiens. 
Steel-filings  are  expofed  to  the  air,  and  moiftened  with 
water  :  by  this  means  it  very  quickly  becomes  rufty. 
It  is  made  ftiH  more  quickly  with  iron  in  the  ftate  of  an 
sethiops  treated  in  the  fame  way.  In  this  alteration 
the  metal  agglutinates,  and  forms  mafias,  which  urider- 
go  porphyrifation  before  it  is  employed  in  medicine. 
We  are  not  yet  pofitively  certain  of  the  change  produ- 
ced in  the  iron  by  ruft.  Some  of  my  own  experiments 
lead  me  to  confider  the  ruft,  or  the  crocus  martis  ape- 
riens, as  a  combination  of  iron  and  the  chalky  acid.  I 
have  diftilled  this  fafFron  of  mars  in  a  pneumato-che- 
mical  apparatus,  and  I  obtained  from  it  a  great  quantity 
of  chalky  acid.  The  iron  was  changed  into  a  black 
powder,  eafily  attracted  by  the  magnet.  M.  Jofle,  a 
Paris  apothecary,  has  communicated  a  fimilar  procefs 
to  the  Roval  Society  of  Medicine,  for  obtaining  readily 
martial  £e:hiops.  He  recommends  reddening  crocus 
martis  aperiens  in  a  retort,  to  which  a  balloon  with  a 
fmall  hole  in  it  is  adapted  without  being  luted  :  by  this 
means  the  hrat  difengages  the  chalky  acid,'  which 
M.  Joffe  allows  to  efcape  by  the  hole  in  the  balloon,  and 
the  iron  remains  pure.  By  this  means  I  have  feveral 
times cryftallized  the  cauftic  vegetable  fixed  alkali,  with 
which  1  had  wetted  the  fides  of  the  balloon  adapted  to 
the  retort.  By  the  tranfmiffion  of  the  aerial  acid  from 
the  crocus  martis  aperiens  upon  the  alkali,  a  kind  of 
neutral  fait,  which  with  M.  Bucquet  I  have  named  tar- 
tar  with  the  chalky  acid.  I  have  made  many  other  ex- 
periments. 
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periments  upon  the  ruft  of  iron,  which  I  rcfcrvc  for  a  par- 
ticular memoir:  they  all  have  convinced  me,  that  that  fub- 
ftance  is  atrue  neutral  fait,  formed  by  iron  and  the  chalky 
acid.  I  think  it  mould  be  called  creta  martmlis,  to  di- 
itinguifh  it  from  the  true  calx  of  this  metal.  This 
fait  isabfolutely  the  fame  with  what  M. Bergman  calls  ter- 
rum  aeratum.  This  theory  was  alfo  adopted  by  M.  Mac- 
quer;  it  very  well  explains  why  the  iron  readily  rufts  in  a 
humid  and  impure  air  ;  why  this  alteration  is  To  quick  and 
fo  deep  in  a  place  whofe  air  is  fpoiled  by  the  refptra- 
tion  of  animals,  by  combuftion,  by  the  vapours  of  ani- 
mal matters,  as  in  (tables,  flails,  privies.  Iron,  of  all 
the  metallic  lubftancts,  undergoes  the  greateft  altera- 
tion by  the  contact  of  the  air  :  and  this  alteration  is  not 
confined  to  the  furface  ;  frequently  very  thick  bars  of 
iron  are  ruftrd  into  their  centre. 

Water  has  a  great  action  upon  iron  :  it  divides  it, 
and  even  dhTolves  a  part  of  it,  according  to  the  experi- 
ments of  M.  Monnet.  It  takes  up  the  more  of  it  the 
purer  the  iron  is,  and  the  greater  the  quantity  of  air  it 
contains.  When  iron  is  agitated  fome  time  in  water, 
it  is  by  little  and  little  very  minutely  divided;  and  by 
pouring  off  the  water,  a  little  troubled,  a  very  black 
and  fubtile  powder  of  iron  fubfides,  which  has  been 
called  martial  athiops  of  Lemery.  It  is  carefully  dried 
with  a  gentle  heat  in  a  clofe  vefTcl,  as  an  alembic,  left 
the  contact  of  air  mould  ruft  it.  The  magnet  attracts 
this  martial  aethiops  very  well :  it  is  no  more  than  iron  re- 
duced to  a  very  fine  powder.  As  this  operation  is  very  long 
and  delicate,  feveral  chemifts  have  found  means  to  fimpli- 
fy  it.  M.  Roeulle  employed  Count  Garaye's  mill,  and  by 
this  means  obtained  a  very  fine  sethiops  in  much  lefs  time 
than  Lemery's  procefs  requires.  I  think  that  of  M.  Joffe 
might  be  fubftituted  to  it  with  advantage,  which  is  much 
more  expeditious.  Several  other  procefles  will  be  found 
afterwards  as  proper  for  the  preparation  of  martial  asthiops. 

Steel  in  bars,  heated  to  a  certain  degree,  and  fud- 
denly  plunged  into  cold  water,  aquires  a  very  confiderable 
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hardnefs,  and  becomes  very  brittle.  Thefe  qualities  are 
the  more  perceptible  the  ftrongerthe  heat  and  the  colder 
the  liquor  was  into  which  it  was  immerfed.  This  opera- 
tion is  called  tempering.  The  hardnefs  of  the  fteel  may 
be  varied  at  pleafure  :  it  can  be  alfo  foftened  eafily,  by 
heating  it  to  the  fame  degree  at  which  it  was  before 
tempering,  and  by  leaving  it  to  cool  flowly.  This  efFecl: 
feems  to  depend  upon  this,  that  the  hidden  cooling  of 
the  fteel,  changes  the  difpofition  of  its  parts,  and  pre- 
vents its  cryftallization.  All  the  metals  are  fufceptible 
of  acquiring  hardnefs  by  being  tempered  :  but  this  qua- 
lity increafes  with  the  infufibility  of  the  metal :  on  this 
account  iron  poffefles  it  in  fo  eminent  a  degree. 

Iron,  in  its  metallic  (late,  does  not  unite  with  the 
earthy  matters ;  but  the  calx  of  iron  facilitates  the  vitrifi- 
cation of  all  the  (tones,  and  gives  them  a  green  colour. 

Lime,  magnefia,  and  the  cauftic  fixed  alkalis,  have 
no  remarkable  action  upon  iron :  it  is  weakly  at- 
tacked by  the  volatile  alkali  ;  digefted  a  few  days,  it 
becomes  turbid,  and  allows  a  little  rethiops  to  precipi- 
tate. This  experiment  of  the  academicians  of  Dijon 
proves,  that  the  volatile  alkali  divides  iron  in  the  fame 
way  as  water. 

Iron  is  foluble  in  all  the  acids.  M.'Monnet  has  ob- 
ferved,  that  only  boiling  oil  of  vitriol  acts  upon  iron  : 
by  diitilling  this  mixture  to  drynefs,  flowers  of  fulphur 
are  found  fublimed  in  the  retort, and  a  white  vitriolic  mais 
foluble  in  part  in  water,  but  which  cannot  give  cryftals,. 
becaufe  the  heat  has  decompofed  it.  This  acid,  diluted 
with  two  parts  of  water,  diflblves  the  filings  of  iron  very 
well  in  the  cold  :  the  folution  is  accompanied  with  the 
difengagement  of  a  great  quantity  of  inflammable  gas. 
A  loud  detonation  may  be  produced  by  approaching 
a  lighted  candle  to  the  mouth  of  the  matrafs,  after  ha- 
ving been  fhut  with  the  hand  for  fome  time.  This  gas 
burns  with  a  reddifti  flame,  and  frequently  gives  very 
fmall  fparks,  refembling  thofe  or  the  filings  of  iron. 
M.  Macquer  thinks,  that  in  this  combination  the  vitri- 
olic 
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olic  acid  difengagcs  a  great  quantity  of  the  phlogifton  of 
the  iron,  and  that  the  inflammable  gas  belongs  entirely 
to  this  metal.  This  opinion  refts  upon  this,  that  this 
gas  may  be  difengaged  from  it  without  any  interme- 
dium, by  the  i'ole  action  of  the  fire  :  and  like  wife  upon 
this,  that  M.  de  Laflbne  has  procured  it  from  it  by  the 
action  of  the  cauftic,  fixed,  and  volatile  alkalis.  The 
partifans  of  the  new  doctrine  fuppofe,  that  inflammable 
gas  is  a  modification  of  fulphur,  and  belongs  to  the  vi- 
triolic acid,  as  we  have  explained  in  treating  of  this 
acid.  But  the  facts  which  I  am  going  to  mention  fa- 
vour more  ftrongly  the  doctrine  of  M.  Macquer  than 
the  pneumatic  theory.  According  as  the  vitriolic  acid 
acts  upon  the  iron,  a  portion  of  this  metal  is  divided, 
and  forms  a  black  powder,  taken  by  Stahl  for  fome  ful- 
phur, and  which  M.  Monnet  found  to  be  fome  martial 
sethiops.  It  feems  that  this  portion  of  iron  fuftered 
only  a  mechanical  divifion,  refembling  that  produced  by 
the  water.  As  foon  as  a  part  of  the  iron  is  united  with 
a  part  of  the  acid,  although  this  laft  be  far  frorh  being 
faturated,  the  folution  flops,  and  no  longer  acts  upon 
the  metal.  M.  Monnet,  who  made  this  obfervation, 
fays,  fhat  upon  pouring  fome  water  into  the  mixture, 
the  action  of  the  acid  recommences.  This  phenome- 
non arifes  from  the  water  of  the  fpirit  of  vitriol  being 
combined  with  the  martial  vitriol  already  formed  ;  and 
the  portion  of  the  acid  which  is  not  faturated,  requires 
to  be  diluted  with  a  new  quantity  of  water  in  order 
to  dilfolve  the  iron.  The  vitriolic  acid  diflblves  more 
than  the  half  of  its  weight  of  iron.  This  folution  fil- 
trated and  evaporated  by  cooling,  gives  a  tranfparent 
fait  of  a  beautiful  green  colour  cryitaliized  in  rhom- 
boids.   This  is  the  martial  vitriol  or  green  copperas. 

It  is  not  worth  while  to  make  martial  vitriol,  fince 
nature  furnifhes  abundance  of  it,  and  art  with  no  diffi- 
culty extracts  it  from  the  martial  pyrites.  It  is  quite 
fufficient  to  leave  thefe  pyrites  expofed  to  the  air  for 
fome  length  of  time  :  moifture  facilitates  their  decom- 
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petition  :  they  become  covered  with  a  white  effloref- 
cence,  which  requires  merely  folution  and  evaporation 
for  the  production  of  the  martial  vitriol.  This  decom- 
pofition  of  the  pyrites,  according  to  Stahl,  depends  on 
the  double  affinities.  Sulphur  is  compofed  of  phlogi- 
fton  and  vitriolic  acid :  neither  water  nor  iron,  fepa- 
rately,  is  able  to  decompofe  it ;  but  by  the  united  action 
of  thefe  two  bodies;  the  iron  feizes  upon  the  phlogifton 
of  the  fulphur,  the  acid  of  the  fulphur  unites  with  the 
water,  and  dilfolves  the  metal;  the  pyrites,  which  are  \ 
lefs  fufceptible  of  efilorefcing,  as  thole  which  are  bril- 
liant, being  roafted,  in  order  to  diflipate  a  portion  of 
fulphur  which  they  contain,  and  afterwards  expofed  to 
the  air,  efflorefce  readily  :  the  vitriol  is  feparated  by 
wafhing.  The  folution  of  this  fait  depofites  afterwards 
a  certain  quantity  of  iron  in  the  ftate  of  ochre :  it  is 
only  when  this  depofition  happens  that  the  liquor  is 
evaporated  and  cryltallifed.  The  partifans  of  the  pneu- 
matic doctrine  think,  that  in  the  vitriolifation  of  py- 
rites, the  fulphur  which  is  divided  in  them,  as  in  the 
combinations  with  the  alkaline  fubftances,  combines 
with  a  portion  of  pure  air,  and  forms  oil  of  vitriol  5 
which  diluted  with  the  water  of  the  atmofphere  in  the 
Hate  of  vapour,  diflblves  and  unites  with  the  iron,  at  the 
fame  time  producing  heat.  The  necefhty  of  the  con- 
tact of  the  air  to  favour  the  efflorefcence  of  the  pyrites, 
gives  a  certain  degree  of  force  to  this  opinion,  as  we 
have  obfcrved  upon  Combuftion  :  but  we  ought  not  to 
forget,  that  the  theory  of  M.  Macquer  unites  thefe  two 
doctrines,  inflammable  gas  being  difengaged  in  the  vi- 
triolifation in  great  quantity.  We  mall  take  more  no- 
tice of  this  fact  when  we  come  to  Ipeak  of  the  combi- 
nation of  iron  with  fulphur. 

Martial  vitriol  has  a  green  colour  like  that  of  the  eme- 
rald, and  a  very  Itrong  aftringent  tafte.  It  fometimes  red- 
dens the  fyrup  of  violets  ;  but  this  effect  is  not  conftant,. 
Its  cryftals,  according  to  the  refearches  of  Kunckel  and 
M.  Monnet,  contain  more  than  the  half  of  their  weight 
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of  water.  If  it  is  brifkly  heated,  martial  vitriol  liquefies, 
as  all  the  fuluble  falts  do,  which  are  more  foluble  in  hot 
than  in  cold  water  :  by  drying,  it  becomes  of  a  whitifli 
grey.  If  it  is  heated  with  a  more  violent  fire,  it  allows 
a  portion  of  its  acid  to  efcape  in  the  form  of  fulphure- 
ous  gas,  and  it  aflumes  a  red  colour  ;  in  this  ftate  it  is 
called  colcothar.  Vitriol,  calcined  to  rednefs,  very  fen- 
fibly  attracts  humidity  from  the  air,  owing  to  a  portion 
of  vitriolic  acid  which  it  contains.  Martial  vitriol,  di- 
ftilled  in  a  retort  in  a  reverberatory  furnace,  at  firfl;  gives 
over  fome  water  flightly  acid,  called  ros  vitrioli.  The 
balloon  is  changed,  to  obtain  feparately  the  oil  of  vi- 
triol, which,  when  the  fire  is  violent,  pafTes  over  black, 
and  emits  a  fufFocating  odour  of  volatile  fulphureous 
acid.  Thefe  circumftances  depend  either,  according  to 
Stahl,  upon  a  portion  of  phlogifton,  which  it  feparates 
from  the  iron ;  or,  according  to  the  doctrine  of  the  gafes, 
upon  this,  that  it  is  deprived  of  a  part  of  its  air,  which 
becomes  fixed  in  the  iron.  Towards  the  end  of  the 
operation,  the  acid  which  diftills  afiumes  a  concrete  and 
cryftalline  form  ;  it  is  called  glacial  oil  of  vitriol.  This 
experiment,  defcribed  by  M.  Hellot,  did  not  fucceed 
with  M.  Baume  ;  but  its  certainty  is  allowed  by  chemifts. 
By  diftilling  glacial  oil  of  vitriol  in  a  fmall  retort,  fome 
fulphureous  gas  comes  over,  and  the  oil  pafies  white 
and  fluid.  Should  it  owe  its  concrete  ftate  to  the  pre- 
fence  of  this  gas?  It  unites  with  water,  caufing  a  great 
noife  and  heat,  leaving  the  fulphureous  gas  to  diflipate. 
The  refiduum  of  the  diftilled  martial  vitriol  is  red,  and 
called  colcothar :  by  wafliing  it  with  water,  a  white  fait, 
little  known,  may  be  feparated,  called  fait  of  colcothar, 
or  fixed  fait  of  vitriol.  An  inlipid  red  earth  remains, 
which  is  a  pure  calx  of  iron,  called  fweet  earth  of  vitriol. 
Martial  vitriol,  expofed  to  the  air,  grows  a  little  yellow, 
and  is  covered  with  ruft.  Cold  water  diffolves  half  its 
weight  of  this  fait ;  hot  water  more ;  but  when  it  is  fatu- 
rated  it  appears  turbid,  by  means  of  a  greater  or  a  lefs 
quantity  of  ochre.  This  ochre  is  feparated  by  filtration  ; 
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and  the  folution  allowed  to  cool,  produces  rhomboidal 
cryllals,  of  a  pale  and  tranfparent  green.  The  fuper- 
natant  liquor  fubniitted  to  evaporation,  affords  a  new 
fet  of  cryrtals  by  cooling  ;  and  when  cryftallifation  is 
at  an  end,  a  mother-water  remains  of  a  blackifh  green 
or  a  brown  yellow  :  this,  when  evaporated  with  a  ftrong 
heat,  and  allowed  to  cool,  forms  a  foft  unctuous  mafs, 
which  ftrongly  attracts  the  air's  humidity.  This  mafs, 
completely  dried,  yields  a  powder  of  a  greenifh  yellow. 
According  to  M.  Monnet,  the  mother-water  of  martial 
vitriol  contains  fome  iron  in  the  {fate  of  a  calx.  This 
chemift  convinced  himfelf  of  this,  by  diflblving  imme- 
diately by  means  of  heat  a  calx  of  iron  in  this  acid  : 
this  folution  is  brown,  and  does  not  cryflallife.  The 
calx  of  iron  may  be  feparated  from  its  acid,  not  only 
by  the  aluminous  earth,  but  alfo  by  copper  and  the 
filings  of  iron  ;  which  does  not  happen  to  perfect  mar- 
tial vitriol.  A  very  abundant  folution  of  perfect  mar- 
tial vitriol  expofed  to  the  air,  in  time  is  changed  into  a 
vitriolic  mother-water  fimilar  to  the  preceding. 

Martial  vitriol  may  be  decompofed  by  lime  and  the 
alkalis.  Lime-water  poured  into  a  folution  of  this  fait, 
forms  a  precipitate  in  tufts  of  a  deep  olive  green  :  a 
portion  of  this  precipitate  is  rediffolved  in  lime-water, 
and  communicates  to  it  a  reddilh  colour.  Anhis  1777 
and  1778,  I  read  two  memoirs  to  the  Academy  upon 
the  martial  precipitates,  obtained  by  the  mild  or  cau- 
ftic  alkalis ;  in  which  I  accurately  defcribed  the  pheno- 
mena of  thefe  precipitations,  and  the  ftate  of  the  iron 
in  thefe  different  circumftances.  I  mail  give  the  prin- 
pal  refuits  relative  to  vitriol.  The  cauftic  fixed  alkali 
precipitates  the  folution  of  green  vitriol  in  flocci  of  a 
deep  green,  which  in  part  redhTolve  in  the  alkali,  and 
form  a  kind  of  a  martial  tincture  of  a  very  beautiful 
red.  When  we  add  lefs  of  this  alkali,  the  precipitate 
may  be  collected  and  obtained  in  a  blackifh  asthiops,  if 
we  dry  it  rapidly  and  in  clofe  veffels.   Without  thefe 
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two  precautions,  the  iron  very  quickly  rufts,  being  di- 
vided and  moid.  The  vegetable  alkali,  faturated  with 
fixed  air,  forms  a  precipitate  of  a  greenifli  white,  which 
does  not  rediffolve  in  the  alkali :  this  difference  is  owing 
to  the  prefence  of  the  chalky  acid,  which  unites  with 
the  iron  as  it  fcparates  from  the  alkali  in  its  union  with 
the  vitrio'lic  acid.  The  pure  or  cauftic  volatile  alkali 
feparates  from  the  folution  of  martial  vitriol  a  green 
precipitate,  fo  deep  that  it  appears  black,  which  does 
not  rediffolve  in  the  volatile-alkali :  we  may  by  fud- 
den  exficcation,  without  the  contact  of  air,  obtain  it 
black,  and  attra&ible  by  the  magnet.  The  precipitate 
formed  by  the  concrete  volatile  alkali,  or  by  the  vola- 
tile united  with  the  chalky  acid,  is  of  a  greenifli  grey  : 
it  rediffolves  in  part  in  this  fait,  and  communicates  to 
it  a  red  colour  ;  which  is  the  reverfe  of  what  happens 
to  the  precipitations  by  the  fixed  alkali,  fince  this  laft 
cauftic  fait  very  quickly  diffolves  the  martial  precipitate ; 
whilft  the  fame  fait,  united  with  the  chalky  acid,  dif- 
folves it  but  with  difficulty. 

The  vegetable  aftringent  matters,  as  the  gall-nut, 
fumach,  the  rind  of  pomegranates,  walnut-fhells,  Peru- 
vian bark,  Cyprian  nuts,  logwood,  &c.  have  the  pro- 
perty of  precipitating  martial  vitriol  black.  This  pre- 
cipitate, which  cannot  but  be  taken  for  iron,  is  fo  ex- 
tremely divided,  that  it  remains  fufpended  in  the  liquor. 
When  fome  gum  arabic  is  added  to  the  mixture,  the 
fufpenfion  of  the  precipitated  iron  is  permanent,  and 
there  refults  a  black  liquor,  known  by  the  name  otink. 
It  is  not  yet  fully  known  what  paffes  in  this  experiment. 
M.  Macquer,  1VL  Monnet,  and  the  greateft  part  of  che- 
mifts,  confider  the  precipitate  of  the  ink  to  be  united 
with  a  principle  in  the  gall-nut,  which  difengages  it 
f  rom  the  acid.  They  feem  induced  to  believe,  that  this 
principle  is  in  an  oily  ftate.  The  gentlemen  of  the  Aca- 
demy of  Dijon,  obferving  that  this  precipitation  by  the 
galls  does  not  happen  in  an  acid  folution,  and  this  pre- 
cipitate difappears  by  the  addition  of  an  acid,  think,  that 
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the  aftringents  direct  their  adion  to  the  vitriolic  acid 
and  precipitate  the  iron  pure  :  becaufe  the  aftringent 
principle  has  more  affinity  with  this  fait  than  the  metal 
has.  M.  Gioanetti,  phyfician  at  Turin,  has  made  fe- 
veral  experiments  upon  the  iron  precipitated  from  its 
folutions  by  aftringents.  From  a  view  of  his  refearches, 
given  in  his  analyfis  of  the  waters  of  St  Vincent,  that 
this  metal  is  not  attracted  by  the  magnet  ;  that  it  ac- 
quires this  property  when  heated  in  a  clofe  vefTel ; 
that  it  dhTolves  in  the  acids,  but  without  effervefcence; 
that  the  folutions  are  not  blackened  by  the  gall-nut, 
which  mows  that  the  iron  is  united  with  the  aftringent 
principle ;  and  that  it  is  in  the  ftate  of  a  kind  of  neutral 
fait.  In  the  third  volume  of  the  Elements  of  Chemiftry 
of  the  Academy  of  Dijon,  a  fet  of  experiments  is  found 
upon  the  aftringent  principle  of  vegetables,  which  feem 
to  affimilate  this  fubftance  to  the  acids.  Indeed,  it  red- 
dens the  blue  colour  of  vegetables  ;  it  unites  with  the 
alkalis ;  it  decompofes  the  livers  of  fulphur  ;  it  diffolves 
and  appears  to  neutralize  the  metals  ;  it  decompofes  all 
metallic  folutions  with  particular  phenomena ;  it  is  ele- 
vated in  diftillation,  without  lofing  its  action  upon  the 
metals ;  and  it  prefents  a  great  number  of  other  proper- 
ties, which  the  order  that  we  have  laid  down  obliges  us 
to  pafs  over  *. 

A  phenomenon  ftill  more  difficult  to  explain  than  the 
action  of  the  gall-nut  upon  martial  vitriol,  is  thedecom- 
pofition  of  this  fait  by  an  alkali  calcined  with  ox-blood. 

C  3  By 

*  We  cannot  do  better  than  read  and  confider  the  excellent  re- 
ft arches  of  the  academicians  of  Dijon  upon  the  principle  of  aftrin- 
gency.  They  elucidate  the  labours  of  Meffrs  Macquery  Monnet, 
and  Gioanette,  upon  this  important  fubjeft.  However,  the  fub- 
jeft  is  not  yet  exhaufted  ;  and  it  requires  a  more  complete  exa- 
mination, in  particular  to  difcover  the  nature  of  this  lingular  prin- 
ciple, which  is  found  in  all  aftringent  vegetable  fubftances,  and 
which  feems  to  be  foluble  in  a  great  number  of  menftrua,  fuch  as 
water,  acids,  alkalis,  oils,  fpirit  of  wine,  a;ther,  &c.  See  The  Ele- 
ments of  Theoretical  and  Pratlical  Chemiftry ,  £sV.  calculated  to  ferve 
for  the  public  courfe*  of  the  academy  of  Dijon,  vol.  iii.  p.  403,  to 
421. 
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By  this  means  we  pet  a  precipitate  of  a  fine  blue  colour, 
infoluble  in  the  acids.    This  precipitate  is  called  Fruf- 
fian  or  Berlin  blue,  becaufe  it  was  difcovered  in  that 
city.    Stahl  relates,  that  a  chemilr,  called  Diefiach,  ha- 
ving borrowed  of  Dippel  fome  fixed  alkali  to  precipi- 
tate a  folution  of  cochineal,  mixed  with  a  little  alum 
and  martial  vitriol,  this  laft  gave  him  an  alkali,  upon 
which  he  had  diddled  his  animal  oil.   This  fait  preci- 
pitated blue  the  folution  of  Diefbach.   Dippel  inquired 
into  the  caufe  of  this  precipitate,  and  by  a  lefs  complica- 
ted procefs  prepared  Pruffian  blue,  which  was  announ- 
ced anno  1710  in  the  Berlin  Tranfaclions,  but  without 
any  explanation  of  the  operation.    The  chemifts,  thro' 
envy,  laboured  to  fucceed  in  the  operation  ;  and  at  laft 
difcovered  it.  It  was  not  till  anno  1724,  that  Mr  Wood- 
ward publifhed  a  procefs  for  the  preparation  or  this  co- 
louring fubflance  in  the  Philosophical  Tranfa&ions. 
Four  ounces  of  nitre  fixed  by  tartar,  and  as  much  dried 
ox-blood,  are  mixed  together  :  this  mixture  is  calcined 
in  a  crucible  till  it  be  in  the  form  of  charcoal,  and  pro-, 
duces  no  more  flame  :  it  is  warned  with  water  in  order 
to  diffolve  all  the  faline  matter,  and  the  folution  is  called 
fhlogiflicated  alkali :  this  ley  is  concentrated  by  evapo- 
ration :  then  two  ounces  of  martial  vitriol  and  four  of 
alum  are  diffolved  in  a  pint  of  water:  the  folution  of 
thefe  falts  is  mixed  with  the  alkaline  ley ;  a  blueifh  de- 
pofition  takes  place ;  the  liquor  is  to  be  filtrated,  and 
fome  marine  acid  is  to  be  poured  upon  the  precipitate. 
The  precipitate  then  becomes  of  a  more  beautiful  and 
of  a  deeper  blue :  it  is  dried  with  a  gentle  heat,  or  in 
the  open  air.  Since  Mr  Woodward,  many  chemifts  have 
ftudied  both  the  preparation  and  the  theory  of  Pruffian 
blue.  With  regard  to  its  preparation,  it  is  now  known, 
that  a  great  number  of  fubftances  are  capable  of  giving 
the  alkali  the  property  of  precipitating  the  iron  blue. 
Geoffroy,  in  the  Memoirs  of  the  Academy  anno  1725, 
has  faid,  that  all  the  coals  of  animal  matters  poflefs  this 
property.  M.  Baume  afferts,  that  the  phlogifticated  al- 
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kali  may  be  prepared  alio  with  the  coals  of  vegetable 
fubftances  by  means  of  a  more  violent  heat.  M.  Spiel- 
man  has  prepared  it  with  the  bitumens  :  Meffrs  Brandt 
and  Monnet  with  foot.  The  manufacturers  of  Pruffian 
blue  are  numerous;  and  each  of  them,  it  would  appear, 
employ  different  matters  for  its  preparation.  M.  Bau- 
nach  informs  us,  that  in  Germany  they  ufe  the  claws  of 
birds,  and  the  horns  and  fldn  of  oxen.  All  animal  mat- 
ters, however,  do  not  appear  to  be  proper  for  the  phlo- 
giftication  of  the  alkali.  1  have  in  vain  attempted  to 
prepare  it  with  ox- bile,  by  a  procefs  refembling  that 
which  is  employed  with  the  blood.  I  obtained  an  al- 
kali which  precipitated  vitriol  only  in  a  greenifh  white, 
and  the  precipitate  diffolved  entirely  in  the  marine 
acid. 

Chemifts  have  differed  greatly  about  the  theory  of 
Pruffian  blue.  Meff.  Brown  and  Geoffroy  confidered 
it  as  the  phlogifticated  part  of  the  iron  difengaged  by 
the  blood-ley,  and  intermixed  with  the  earth  of  alum. 
The  Abbe  Menon  (firft  volume  des  Savam  Etrangers) 
thought  that  it  was  the  iron  pure,  and  freed  of  every 
foreign  fubftance  by  the  phlogifticated  alkali.  M.  Mac- 
quer  has  refuted  the  opinions  of  thefe  authors  in  a 
memoir,  which  has  juftly  merited  the  name  of  Mafter- 
piece  from  all  the  chemifts,  and  which  is  inferted  in 
the  volume  of  the  Academy  for  the  year  J  752.  He 
thinks  that  the  Pruffian  blue  is  iron  only  combined  with 
an  excefs  of  phlogifton,  furnifhed  by  the  phlogifticated 
alkali  which  received  it  from  the  ox-blood.  He  ob- 
ferves,  1 .  That  Pruffian  blue,  expofed  to  the  fire,  lo- 
fes  its  colour,  and  becomes  fimple  iron.  2.  That  it  is 
quite  infoluble  in  the  acids,  even  the  moft  powerful. 
3.  That  the  alkalis  can  diffolve  and  become  faturated 
with  its  colouring  matter.  An  alkaline  ley  requires 
only  to  be  heated  upon  it  till  the  alkali  acquires  no 
more  colour.  This  alkali,  when  faturated  with  the 
colouring  matter  of  the  Pruffian  blue,  has  loft  the  moft 
of  its  properties.    It  is  no  longer  cauftic  5  it  does  not 
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effervefcc  with  the  acids.;  it  does  not  decompofe  the 
falts  with  earthy  bafe,  but  it  precipitates  all  the  metallic 
falts  ;  and  it  feems  that  this  decompofnion  happens  in 
confequence  of  a  double  affinity  of  the  acid  with  the 
alkali,  and  of  the  colouring  part  united  with  the  alkali. 
The  alkali  may  thus  deprive  the  twentieth  of  its  weight 
of  Pruflian  blue  of  its  colouring  principle  :  it  then  ar- 
rives at  its  point  of  faturation.  The  acids  difengage  a 
fmall  quantity  of  a  blue  feculent  matter  from  it ;  and  it 
inftantly  precipitates  martial  vitriol  in  the  form  of  per- 
fect Pruflian  blre. 

With  regard  to  the  alkali  prepared  in  the  ordinary 
way,  M.  Macquer  obferves,  that  it  is  far  from  being 
completely  faturated  with  the  colouring  part,  and  that 
on  this  account  it  throws  down  at  firft  a  green  precipir 
tate  from  martial  vitriol.  The  fact  is,  the  portion  of 
alkali  which  is  faturated  precipitates  it  blue;  but  the 
portion  which  is  not  faturated  precipitates  it  in  the  ftate 
of  ochre,  which  renders  the  blue  precipitate  green  by 
means  of  the  mixture  of  this  laft  colour  with  the  yel- 
low. According  to  this  ingenious  theory,  the  acid 
which  is  poured  upon  the  precipitate  ferves  to  diffolve 
and  to  increafe  the  livelinefs  of  colour  of  the  portion 
which  is  not  in  the  ftate  of  Pruflian  blue.  The  alum 
which  is  added  to  the  folution  of  vitriol  faturates  the 
alkali,  which  is  not  charged  with  colouring  matter  ; 
and  the  earth  of  this  fait,  depofited  with  the  Pruflian 
blue,  brightens  its  fhady  colours.  As  it  is  neceflary  to 
pour  the  acid  upon  the  precipitate  of  the  martial  vitriol, 
in  order  to  brighten  the  blue,  this  acid  may  be  added 
to  the  alkali  previous  to  its  being  ufed  for  precipita- 
tion ;  becaufe  the  acid,  in  faturating  the  portion  of  pure 
alkali,  does  not  unite  with  that  portion  which  is  united 
with  the  colouring  part;  and  thus  it  may  inftantly  form 
a  beautiful  blue  precipitate.  The  phlogifticated  al- 
kali may  ikewife  be  faturated  with  this  colouring  prin- 
ciple, bv  digeftfon  upon  Pruflian  blue  till  it  ceafe  to  de- 
prive it  of  colour.    M.  Macquer  had  given  this  alkali, 
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faturated  with  acid,  as  a  good  teft  of  the  prefence  of 
iron  in  the  mineral  waters :  But  M.  Baume  has  obfer- 
ved,  that  this  liquor  itfelf  contained  a  certain  quantity 
of  Pruflian  blue;  which  circumftance  might  lead  us 
into  miftakes.  He  therefore  propofes  fetting  it  fome 
time  to  digeft  along  with  a  little  vinegar,  with  a  gentle 
heat,  in  order  that  it  may  depofite  all  the  blue  matter 
which  it  contains.  Such  was  the  excellent  treatife  of 
M.  Macquer  upon  the  Pruflian  blue  :  but  this  celebra- 
ted chemift  well  perceived  a  deficiency,  particularly 
with  regard  to  the  nature  of  the  colouring  fubftance. 
He  could  no  be  perfuaded  that  this  was  pure  phlogi- 
fton  ;  becaufe,  under  that  fuppofition,  he  did  not  con- 
ceive how  iron,  overcharged  with  this  principle,  en- 
tirely loft  at  the  fame  time  the  property  of  being  at- 
tracted by  the  magnet,  and  of  being  foluble  in  the 
acids  ;  properties,  according  to  Stahl,  owing  to  the 
prefence  of  phlogifton  in  the  metal.  M.  de  Morveau 
is  the  firfl  who,  in  his  excellent  differtation  upon  phlo- 
gifton, has  inquired  into  the  nature  of  the  colouring 
part  of  Pruflian  blue.  From  two  gros  of  this  com- 
pound, he  extracted  by  diftillation  22  grains  of  a  yel- 
low empyreumatic  liquor,  which  effervefced  with  the 
mild  alkalis,  reddened  blue  paper;  and  of  which  Meif. 
GeofFroy  and  Macquer,  although  they  alfo  diflilled 
Pruflian  plue,  have  made  no  mention. 

M.  Sage,  anno  1772,  fent  to  the  Electoral  Academy 
of  Mayence  a  memoir  upon  the  phlogifticated  alkali, 
which  he  calls  animal  fait.  M.  Sage  thinks  that  the 
fixed  alkali,  treated  with  blood,  and  faturated  by  di- 
geftion  upon  Pruffian  blue,  in  M.  Macquer's  way,  is  a 
neutral  fait,  formed  by  the  animal  acid  and  the  fixed 
alkali.  By  infenfible  evaporation  it  gives  cubic  eight- 
fided  cryftals,  or  prifms  with  four  fides,  terminated  by 
pyramids  alfo  with  four  fides.  This  fait  decrepitates 
upon  coals  :  it  fufes  with  a  violent  heat  into  a  femi- 
tranfparent  mafs,  foluble  in  water,  and  proper  to  make 
Pruffian  blue.    M.  Sage  thinks  that  the  acid  which 
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neutralifes  the  alkali  in  this  neutral  fait,  is  the  phofpho- 
ric  acid,  becaufe  the  mixture  of'  alkali  and  ox-blood, 
when  urged  with  a  ftrong  fire,  fufes,  emits  an  acrid  va- 
pour, accompanied  with  white  and  brilliant  fparks ; 
which,  according  to  him,  are  only  fome  burning  phof- 
phorus.  This  opinion  upon  the  acid  of  the  Pruflian 
alkali  would  have  been  corroborated,  if,  on  the  one 
fide,  by  its  diftillation  with  charcoal,  phofphorus  were 
obtained,  which  would  alfo  take  place  by  making  ufe 
of  Pruflian  blue;  and  if,  on  the  other  part,  Pruflian 
blue  were  formed  by  the  combination  of  the  fufible  or 
pholphoric  fait  with  bafe  of  vegetable  fixed  alkali  with 
a  folution  of  iron.  As  M.  Sage  in  his  memoir  has 
made  no  mention  of  fuch  experiments,  his  theory  can- 
not be  admitted, 

Mefljeurs  the  chemifts  of  the  Academy  of  Dijon 
have  adopted  a  part  of  this  doctrine  in  their  elements. 
They  confider  the  phlogifticated  ley  as  a  folution  of  a 
neutral  fait:  they  direct  the  cryflallifation  of  it  by  eva- 
poration, inftead  of  purifying  it  by  means  of  vinegar 
in  M.  Baume's  way.  This  fait,  fay  they,  is  very 
pure.  When  it  is  thrown  upon  fufed  nitre,  a  detona- 
tion takes  place.  They  have  faid  nothing  upon  its  de- 
compofitions  and  the  nature  of  its  principles ;  they 
called  it  cryftall'ifed  Prujfian  alkali. 

M.  Bucquet,  upon  precipitating  by  means  of  the 
marine  acid,  and  filtrating  the  ley  prepared  for  the 
Pruflian  blue,  obferved  that  this  alkali,  though  very 
clear,  and  apparently  deprived  of  all  the  Pruflian  blue 
which  it  contained,  allowed,  however,  a  blue  powder 
to  precipitate.  After  having  filtrated  it  more  than 
twenty  times  in  the  fpace  of  two  years,  in  order  to 
free  it  of  the  portion  of  Pruflian  blue,  which  precipita- 
ted after  every  filtration,  he  at  lafl  found  that  no  more 
was  produced  by  the  folution  of  martial  vitriol.  I  have 
had  in  my  pofleflion,  more  than  thefe  five  years,  a 
fmall  portion  of  this  ley :  it  has  depofited  nothing  thefe 
two  years  but  a  flight  blueifh  covering  upon  the  fides 
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of  the  velfel  which  contained  it,  and  it  has  preferved  a 
fimilar  colour.  I  have  had  occafion  to  obferve  this 
phenomenon  twice ;  fince  which  I  have  underftood 
that  it  was  taken  notice  of  by  M.  Bucquet  in  his  cour- 
fee,  and  I  believe  that  it  is  conftant.  M.  le  Due  de 
Chaulnes  mowed  to  M.  Macquer  a  phlogifticated  ley, 
which  gave  no  Pruffian  blue  when  it  was  previoufly 
mixed  with  an  acid.  This  chemift  thinks  that  the 
caufe  of  this  is,  that  this  ley  was  prepared  in  metal 
veffcls.  M.  Bucquet  imagined,  from  the  obfervation 
related  above,  i.  That  the  Pruffian  blue  is  all  con- 
tained in  the  alkali  employed  to  prepare  it :  2.  That 
the  acids  alone  are  able  to  precipitate  it :  3 .  That  when 
this  alkali,  in  a  longer  or  fhorter  time,  has  depofited 
all  the  colouring  part  which  it  contains,  it  at  length 
ceafes  to  produce  Pruffian  blue. 

The  Phyfical  Journal,  April  1778,  contains  obferva- 
tions  upon  Pruffian  blue,  by  M.  Baunach  apothecary 
at  Metz,  which  greatly  favour  M.  Bucquet's  opinion. 
After  having  defcribed  the  procefs  which  is  employed 
in  the  manufactures  of  Germany  for  its  preparation, 
M.  Baunach  allures  us,  that  the  ley  made  in  this  manu- 
facture by  the  fufion  of  the  alkali  and  of  the  charcoal  of 
birds  claws,  and  of  oxens  horns  and  fldn,  precipitates 
all  the  metals,  and  even  the  calcareous  earth,  blue. 
This  alkali  dilfoives  the  metals,  after  having  precipita- 
ted them  ;  and  they  may  be  feparated  from  it  ot  a 
very  beautiful  blue  colour  by  the  marine  acid.  The 
fingular  facts  announced  in  this  Memoir ;  fuch  as  the 
diftillation  of  the  Pruffian  blue,  produced  by  this  ley, 
which  gives  no  oil  nor  volatile  alkali ;  the  folubility  of 
the  blue  precipitate,  formed  by  the  marine  acid  when 
poured  upon  this  ley,  in  the  nitrous  acid  ;  the  calca- 
reous earth  found  diflblved  in  this  laft-mentioned  acid, 
which  deprived  the  blue  of  colour ;  a  particular  and 
phlogifticated  earth  which  it  could  not  diifolve ;  do  not 
thele  feem  to  announce,  that  this  blue  is  not  of  the 
lame  nature  with  that  which  is  precipitated  from  the 
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ordinary  phlogifticated  ley,  in  which  M.  Macquer  found 
fome  iron,  which  could  come  from  nothing  but  from 
the  blood. 

From  all  thefe  fafts  I  am  of  opinion  we  may  con- 
clude, that  a  great  many  experiments  ftill  remain  to  be 
made  upon  Pruflian  blue,  and  that  our  knowledge  of  it 
is  far  from  being  complete.  To  what  we  have  faid  up- 
on this  fubject  I  fhall  only  add  a  few  obfervations,  with 
which  an  acquaintance  is  very  requifite. 

1.  Pruflian  blue,  diftilled  with  a  naked  fire,  gives  a 
very  great  quantity  of  inflammable  gas ;  and  at  the 
fame  time  fome  oil,  concrete  volatile  alkali,  and  a  little 
acid  phlegm.  This  gas  burns  blue  like  that  of  marines: 
it  has  an  empyreumatic  odour:  lime-water  gives  it  the 
property  of  burning  red  and  detonating  with  the  air, 
becaufe  it  abforbs  the  aerial  acid  which  is  united  with 
it :  it  is  found  in  the  phlogifticated  alkali.  M.  de  Laf- 
fone  looks  upon  the  gas  of  Pruflian  blue  as  a  particular 
inflammable  gas. 

2.  Pruflian  blue,  after  this  analyfis,  puts  on  the  form 
of  a  blackifh  powder,  which  the  magnet  attracts.  Be- 
fore it  aflumes  this  colour,  it  has  an  orange  one,  as 
M.  de  Morveau  obferved.  This  chemift  was  alfo  of 
the  opinion,  that  the  Pruflian  blue,  which  the  heat  con- 
verted into  an  orange,  might  be  of  ufe  in  painting. 

3.  The  volatile  alkali,  heated  above  Pruflian  blue,  de- 
compofes  it,  feizing  upon  the  colouring  fubftance,  and 
leaving  the  iron  in  the  ftate  of  ochre.  M.  Macquer, 
anno  1752,  announced  this  fad.  Meyer,  who  followed 
him,  gave  the  name  of  colouring  liquor  to  the  volatile'  al- 
kali faturated  with  the  colouring  part  of  the  blue,  and 
advifed  its  ufe  in  analyfmg  mineral  waters.  I  have  ob- 
ferved, that  when  the  volatile  cauflic  alkali  is  diftilled 
upon  Pruflian  blue,  the  liquor  which  pafles  over  has 
not  the  property  of  giving  a  blue  colour  to  martial  folu- 
tions ;  and  confequently  the  colouring  principle  is  not 
fo  volatile  as  the  alkali.  When  only  a  part  of  this  fait 
has  come  over  by  diftillation,  the  refiduum  is  of  an 
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olive-green :  by  dilution  with  diftilled  waten  and  filtra- 
tion, this  liquor  is  charged  with  the  colouring  part,  and 
gives  a  very  lively  Pruffian  with  martial  vicriol. 

4.  I  difcovered  that  lime-water,  digefled  with  Pruf- 
fian blue,  diffolved  the  colouring  matter  by  means  of 
a  little  heat.  The  combination  is  very  rapid.  The 
lime-water  becomes  coloured,  and  the  blue  affumes  the 
colour  of  ruft.  The  lime-water,  filtrated,  is  of  a  clear 
yellow  colour :  it  does  not  turn  the  fyrup  of  violets 
green  :  it  has  no  longer  an  alkaline  tafte,  and  the  aerial 
acid  does  not  occafion  any  precipitation  :  it  does  not 
unite  with  the  other  acids :  in  a  word,  it  is  neutralifed 
by  the  colouring  matter  of  the  blue  ;  and  by  being  pour- 
ed into  a  folution  of  martial  vitriol,  it  gives  an  elegant 
blue,  requiring  no  acid  in  order  to  brighten  it. 

5.  The  caultic  fixed  alkali,  in  the  cold,  quickly  de- 
prives the  blue  of  its  colour.  I  have  obferved,  that  a 
very  brifk  heat  takes  place  in  thefe  experiments ;  that 
the  alkalis,  in  their  flate  of  purity,  attract  the  colouring 
matter  from  a  much  greater  quantity  of  Pruffian  blue 
than  when  they  are  faturated  with  the  chalky  acid  ;  and 
with  the  martial  folutions  afford  a  much  greater  quan- 
tity of  blue  than  when  in  the  date  of  faturation  with 
that  acid. 

6.  1  have  found  that  magnefia  likewife  has  the  pro- 
perty of  taking  the  colouring  matter  from  the  blue  ;  but 
its  power  is  much  weaker  than  that  of  lime-water  *. 

7.  Pruffian  blue,  pounded,  and  projected  upon  nitre 
in  fufion,  produces  fome  fparks,  which  denote  that  it 
contains  fomething  combuftible. 

8.  Pruffian  blue,  prepared  without  alum,  acquires 
the  property  of  being  attracted  by  the  magnet  by  means 

of 

*  I  give  here  the  general  refults  only  of  feveral  important  fads 
which  the  decomposition  of  the  PrufTiaa  blue,  by  means  of  the  al- 
kaline fubftances,  prefented  to  me :  I  referve  a  more  complete  defcrip. 
tion  of  them  for  particular  memoirs. 
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of  a  flight  calcination  ;  but  that  in  commerce  never  ac- 
quires this  property  by  the  action  of  fire. 

Martial  vitriol  very  eafily  decompofes  nitre.  This  de- 
compofition  is  owing  in  part  to  the  vitriolic  acid,  which, 
uniring  with  the  alkali  of  the  nitre,  drives  off  the  nitrous 
acid  ;  but  it  is  in  a  great  meafure  occafioned  by  the  re- 
action of  the  iron  upon  the  nitrous  acid.    If  for  this 
purpofe  we  ufe  martial  vitriol  moderately  dried./  a  very 
great  quantity  of  very  red  fuming  nitrous  acid  is  ob- 
tained ;  the  refiduum,  warned,  furniflies  vitriolated  tar- 
tar and  f'ome  fixed  alkali ;  and  a  fweet  earth  of  vitriol 
remains  upon  the  filtre  :  but  if  a  vitriol  ftrongly  calci- 
ned has  been  employed,  we  get  a  very  fmall  product. 
This  producl  feems  to  be  formed  of  two  liquors ;  one 
of  which,  being  of  a  dull  and  almoft  black  colour, 
iwims  above  another  one,  which  is  red  and  weighty,  as 
an  oil  would  do  above  water:  on  this  account  M.  Baume 
confidered  this  liquor  as  a  kind  of  oil.    A  white  faline 
mafs  paffes  into  the  neck  of  the  retort,  which  attracts 
humidity  from  the  air,  dilfolves  in  water  with  rapidity 
and  heat,  emitting  a  ftrong  odour  of  fpirit  of  nitre  and 
very  thick  vapours.  This  folution,  faturated  with  fixed 
alkali,  gives  vitriolated  tartar ;  hence  the  white  mafs  is 
only  oil  of  vitriol,  rendered  concrete  by  a  portion  of  ni- 
trous gas.    The  weighty  liquor  of  the  balloon  does  not 
appear  to  differ  in  any  refpecl:  from  Glauber's  fpirit  of 
nitre ;  but  the  light  liquor  which  fwims  above  it,  being 
mixed  with  oil  of  vitriol,  produces  a  brilk  effervefcence, 
and  even  a  dangerous  explofion  :  almoft  all  the  nitrous 
acid  is  diflipated,  and  the  oil  of  vitriol  remains,  but  in  a 
concrete  and  cryftallifed  form.  M. Bucquet,  whocommu- 
nicated  this  difcovery  to  the  academy,  had  at  firft  obfer- 
vedthat  the  concrete  oil  of  vitriol  obtained  in  this  diftilla- 
tion  emits  red  nitrous  vapours  when  it  dilfolves  in  water. 
He  thought  that  this  acid  owed  its  folidity  to  the  pre- 
fence  of  the  nitrous  gas ;  and  in  order  to  be  convinced 
of  this*  he  tried  to  mix  the  blackim  brown  nitrous  acid, 
which  fwam  above  the  red,  with  very  concentrated  oil 
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of  vitriol :  but  in  the  very  moment  of  the  mixture  of 
thefe  two  fubftances,  lb  rapid  a  commotion  took  place 
in  the  mixture,  that  the  nitrous  acid,  which  was  pour- 
ed upon  the  vitriolic,  was  driven  to  a  great  diftance 
with  confiderable  noife  :  the  perfon  who  made  the  mix- 
ture was  covered  with  it ;  a  great  number  of  red  and 
inflamed  pimples  immediately  rofe  upon  his  face,  which 
fuppurated  like  the  fmall-pox.  The  oil  of  vitriol  be- 
came concrete,  and  entirely  fimilar  to  that  obtained  in. 
the  diftillation  juft  now  defcribed.  It  appears  that  this 
acid  may  owe  its  concrete  ftate  to  gafes  of  a  different 
nature  ;  and  perhaps  that  which  M.  Hellot  obtained 
from  martial  vitriol,  diftilled  without  any  intermedium, 
is  it  rendered  glacial  by  the  pretence  of  fulphureous  gas. 
"What  remains  after  the  diftillation  of  nitre  with  martial 
vitriol  calcined  to  rednefs,  is  only  a  kind  of  fcoria^  of 
iron,  from  which  we  can  obtain  but  very  little  vitriola- 
ted  tartar  by  warning. 

We  do  not  know  if  the  folution  of  martial  vitriol 
might  be  precipitated  by  inflammable  gas :  it  feems  that 
in  this  experiment  the  iron  affumed  that  which  it  loft  in 
its  folution  by  the  vitriolic  acid  ;  fince,  from  M.  Mon- 
net's  obfervation,  the  gas  of  liver  of  fulphur,  precipita- 
ted by  an  acid,  gave  the  property  of  furnifhing  cryftals 
to  a  vitriolic  mother-water. 

Liver  of  fulphur  precipitates  martial  vitriol  of  a 
blackilh  colour.  This  precipitate  is  a"  kind  of  combina- 
tion of  iron  with  fulphur. 

The  nitrous  acid  is  rapidly  decompofed  by  iron, 
which  difengages  from  it  a  great  quantity  of  nitrous 
gas,  particularly  if  the  acid  made  ufe  of  is  concentra- 
ted, and  if  the  iron  is  divided.  In  this  cafe,  the  metal 
is  almoft  entirely  calcined  by  the  air,  which  it  takes 
from  the  nitrous  acid.  The  folution  is  of  a  brown  red  ; 
in  a  certain  time  it  allows  the  martial  ochre  to  be  de- 
pofited,  becaufe  it  contains  a  vercy  calcined  iron.  If, 
in  this  ftate,  more  iron  is  put  into  it,  the  acid  diffolves 
it,  as  Stahl  has  mown,  and  the  calx  of  iron  which  it 
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held  diffolved  is  inftantly  precipitated.  However,  by 
employing  a  weak  nitrous  acid  and  iron  in  f'mall  bits, 
a  more  permanent  folution  may  be  obtained,  in  which 
the  metal  is  more  adhering  to  the  acid.  This  la(t  com- 
bination is  greenifli,  and  fometimes  of  a  clear  yellow. 
Both  thcfe  lolutions,  when  evaporated,  grow  turbid, 
and  depofite  the  martial  ochre  of  a  red  brown.  If  it  is 
itrongly  evaporated,  inftead  of 'affording  cryftafe,  it 
turns  into  a  reddilh  yellow,  which  is  only  in  part  fo- 
luble  in  water,  and  of  which  the  greateft  portion  pre- 
cipitates. By  continuing  to  heat  the  martial  nitre, 
many  red  vapours  are  difengaged,  the  mafs  dries,  and 
gives  a  calx  of  a  red  like  that  of  bricks.  This  mafs  di- 
alled in  a  retort,  furnifhes  a  little  fuming  nitrous  acid, 
much  nitrous  gas,  and  fome  aerial  acid  :  no  pure  nor 
dephlogifticated  air  can  be  obtained  ;  which  is  undoubt- 
edly owing  to  the  calx  of  iron,  which  is  very  well  cal- 
cined in  this  folution,  not  being  reducible,  The  lad 
gas  which  I  obtained,  goes  to  fupport  the  conjecture 
which  I  have  given  about  the  pretence  of  the  chalky- 
acid  in  the  acid  of  nitre.  The  calx  which  remains  af- 
ter the  diftillation  of  martial  nitre,  is  of  a  lively  red, 
and  might  furnifh  a  fine  colour  for  painting.  A  folu- 
tion of  martial  nitre,  however  copious,  did  not  appear 
to  me  to  be  precipitated  by  the  affufion  of  water.  The 
alkalis  decompofe  it  with  phenomena,  differing  accor- 
ding to  their  nature.  The  cauftic  fixed  alkali  precipi- 
tates it  in  a  clear  brown ;  the  mixture  very  foon  chan- 
ges to  a  blackifh  brown,  and  much  deeper  than  the  co- 
lour of  the  firft  folution.  This  phenomenon  arifes  from 
this,  that  a  portion  of  the  precipitate  is  diifolved  in  the 
alkali,  though  in  very  fmall  quantity.  The  mild  fixed 
alkali  throws  down  a  yellowiih  calx,  which  very  quickly 
becomes  of  a  fine  orange  red.  If  the  mixture  is  agita- 
ted whilft  the  effervefcence  goes  on,  much  more  of  the 
precipitate  dilfolves  than  of  that  by  the  cauftic  alkali. 
M.  Monnet  has  taken  notice  of  this  phenomenon,  and 
attributes  it  to  the  gas  which  is  produced.  This  folu- 
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tion  of  iron  by  the  fixed  alkali  is  called  alkaline  martial 
tintture  of  Stahl.  It  is  of  a  very  fine  red.  For  its  pre- 
paration, M.  Baume  recommends  taking  a  nitrous  folu- 
tion  of  iron,  containing  but  a  moderate  portion  of  iron. 
On  the  contrary,  Stahl  advifed  a  very  faturated  folu- 
tion.  M.  Monnet  obferved,  that  a  yellow  folution  gave  a 
great  deal  of  precipitate,  almoft  none  of  which  re- 
diffolves  in  the  alkali,  and  which  does  not  colour  it  as 
the  martial  tinclure  ought  to  be  ;  whilft  a  very  red  folu- 
tion inftantly  makes  one  with  the  fame  alkali. 

The  alkaline  martial  tincture  of  Stahl  lofes  its  colour 
in  a  certain  time,  and  allows  the  calx  of  iron  which 
it  contains  to  be  depofited.  It  may  be  decompofed  by 
means  of  an  acid.  The  acid  of  nitre  throws  down  a 
calx  of  a  red  colour  like  that  of  bricks,  which  is  fo- 
luble  in  the  acids,  and  called  Stahl* s  crocus  martis  ape- 
riens.  The  pure  or  cauftic  volatile  alkali  precipitates 
the  nitrous  folution  of  iron  of  a  deep  green  and  almoft; 
blackifh.  Aerated  fal  ammoniac  rediffolves  the  iron 
which  it  has  feparated  from  the  acid,  and  produces  a  ftill 
more  lively  red  than  the  tinclure  of  Stahl.  This  folu- 
tion of  iron  might  be  of  great  advantage  in  cafes  where 
a  powerful  tonic  and  deobftruent  are  both  indicated. 

The  copious  and  red  martial  folution  gave  me  always 
but  very  little  true  Pruflian  blue  by  means  of  the  alkali 
faturated  with  the  colouring  matter  of  this  compound. 
I  had  only  a  blackifh  precipitate,  which  is  rediffolved 
by  the  marine  acid ;  the  liquor  had  then  a  green  co- 
lour. 

M.  Maret,  fecretary  to  the  Academy  of  Dijon,  has 
communicated  to  the  Royal  Society  of  IVIedicine  a  very 
fpeedy  procefs  for  making  martial  sethiops :  it  confifts 
in  precipitating  the  nitrous  folution  of  iron  by  the  cau~ 
(lie  volatile  alkali  wafhing  and  drying  the  precipitate 
quickly.  M.  d'Arcet,  appointed  by  this  company  to 
examine  M.  Maret's  procefs,  did  not  obtain  conftantly 
the  fame  refult  with  this  phyfician.  In  my  Memoirs 
upon  the  Martial  Precipitates,  prefented  to  the  Aca- 
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demy  anno  1 776-77,  I  have  determined  the  cafes  in 
which  M.Maret's  experiment  fucceeded,  and  in  which 
it  did  not.  For  this  purpofe,  1.  The  folution  of  iron 
mud  be  frefh  made,  and  it  mutt  have  been  made  in  the 
cold  very  flowly  with  a  weak  acid,  and  the  iron  mud  be 
very  minutely  divided:  2.  That  the  volatile  alkali  be 
recently  prepared,  very  caudic,  and,  in  particular,  by 
repofe  deprived  of  the  fmall  portion  of  calcareous  earth 
and  blackifh  combudible  matters  which  ufually  rife 
from  the  fal  ammoniac  and  lime  :  3.  That  the  precipi- 
tate be  indantly  feparated  from  the'liquor,  and  rapidly 
dried  in  clofe  veflels.  In  fpite  of  all  thefe  precau- 
tions, this  precipitate  is  fometimes  not  very  black;  it 
gets  a  light  brown  colour :  its  furface  may  be  taken 
off  in  fcales,  the  inferior  furface  of  which  is  blackifh  j 
which  proves  that  the  contact  of  the  air  flightly  ruds 
the  upper  furface.  I  have  obtained  an  sethiops  more 
beautiful  and  more  certain  by  precipitating  the  marine 
and  acetous  folution  of  iron  by  means  of  the  caudic 
fixed  and  volarile  alkalis,  and  by  rapidly  drying  thefe 
precipitates  after  they  were  well  warned  in  clofe  veffels. 
But  notwithdanding  all  this,  I  think  that  thefe  kinds  of 
ssthiopSj  however  pure  they  are  fuppofed,  always  retain 
a  fmall  portion  of  their  precipitants  and  fird  folvents, 
as  M.  Bayen  has  obferved  with  regard  to  the  precipi- 
tates of  mercury ;  and  that  they  ought  not  to  be  em- 
ployed in  medicine  with  as  much  confidence  as  thofe 
which  1  fpoke  of  before.  M.  d'Arcet,  in  his  report  to 
the  Royal  Society  of  Medicine  concerning  M.  Maret's 
procefs,  has  communicated  another  of  M.  Crohare's 
for  making  martial  cethiops.  This  apothecary,  cele- 
brated for  feveral  well-executed  chemical  works,  pre- 
pares this  medicine  by  boiling  water,  acidulated  with 
a  little  nitrous  acid,  upon  iron-filings.  The  metal  is  in- 
ffanth  very  much  divided,  and  affords  a  great  quantity 
of  n  thiops  ;  but  as  it  might  be  fufpeftcd  to  retain  a 
fa  all  quantity  of  acid,  would  it  not  be  furer  to  prefer 
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M.  Joffe^s  procefs,  which  is  of  very  eafy  execution,  and 
whofe  ufe  can  infpire  no  fuch  apprehenfion  ? 

The  marine  acid  diffolves  iron  with  rapidity;  the  fo- 
lution  fends  off  a  great  quantity  of  an  inflammable  gas, 
which  feems  to  be  produced  in  greater  quantity  than 
from  the  folutibn  of  this  metal  in  vitriolic  acid.  It 
like  wife  has  a  fmdl  fomgwhat  different  from  that  of  the 
vitriolic  inflammable  gas.  Does  not  this  phenomenon 
feem  to  prove  that  one  df  the  principles  of  the  marine 
acid  is  a  combuftible  body  ?  M.  Lavoifier  inclines  to 
this  laft  opinion.  He  thinks  that  the  inflammable  gas- 
differs  according  to  the  acid  employed;  and  that  that 
which  is  difengaged  from  the  folution  of  iron  in  the 
marine  acid  is  one  of  its  principles.  The  marine  folu- 
tion of  iron  produces  a  great  deal  of  heat  t  the  heat 
continues  till  the  acid  be  fatu rated  :  a  portion  of  iron  is 
precipitated  in  form  of  a  true  asthiops,  as  in  all  the 
other  folutions..  After  it  is  filtrated,  it  is  of  a  green 
colour,  inclining  to  yellow  i  it  is  much  more  (table 
than  the  two  preceding.  If  it  is  put  into  a  well-corked 
bottle,  which  is  filled  with  it,  only  a  very  fmall  quantity 
precipitates.  I  have  kept  fome  of  it  thefe  four  years 
in  this  ftate,  which  has  fuffered  but  a  fmall  depofitiori 
of  a  pale  yellow :  if,  on  the  contrary,  it  is  expofed  to 
the  air,  in  fome  months  almoft  all  the  iron  which  it 
contains  is  precipitated  of  a  deeper  colour  than  that  of 
the  preceding  ;  and  by  keeping  it  in  a  tight  bottle,  but 
which  is  half  empty,  it  depofites  more  than  the  firft, 
and  lefs  than  the  fecond.  This  experiment,  which  I 
made  with  great  accuracy,  proves  that  the  air  has  great 
fhare  in  the  decompofition  of  all  the  metallic  folutions,. 
This  phenomenon  happens  in  all  the  folutions  of  iron, 
and  it  is  a  general  observation  with  refpecl  to  fhofe  o£ 
almoft:  all  the  metals.  Stahl  announced,  that  the  ma- 
rine acid,  in  its  combination  with  iron,  iffumed  the 
characters  of  fpirit  of  nitre  :  but  this  fact  has  not  been 
obferved  by  any  chemift  :  it  feems  that  Stahl  referred 
only  to  the  yellow  colour  of  this  folution,  and  to  the 
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fmell  which  it  emitted  ;  a  fmell  indeed  a  little  different 
from  that  of  the  pure  marine  acid.  The  marine  mar- 
tial folution  evaporated  does  not  cryftallife  regularly. 
M.  Monnet  obferved,  that  if  it  is  left  to  cool  when  it  is 
in  a  fyrupy  confidence,  it  forms  a  kind  of  mafs,  in 
which  cryftals  are  feen  flattened  and  in  form  of 
needles,  which  powerfully  attract  humidity.  This  mafs 
fufes  with  a  very  gentle  heat,  and  feems  to  merit  the 
name  of  butter  of  iron  :  by  a  ftronger  heat  it  is  decom- 
pofedj  but  not  fo  eafily  as  martial  nitre,  and  it  aflumes 
a  rufly  colour  when  it  is  dry.  The  marine  acid  fepa- 
rates  from  it,  and  may  be  obtained  by  diftillation ; 
which,  according  to  M.  Brandt's  remark,  carries  along 
with  it  a  little  calx  of  iron.  M.  le  Due  d'Ayen,  in  one 
of  the  four  excellent  memoirs  which  he  has  given  to 
the  Academy  concerning  the  combinations  of  the  acids 
with  the  metals,  has  at  great  length  examined  what 
paffes  in  this  decompofition  of  the  martial  marine  fait 
in  a  retort.  This  operation  afforded  him  very  fingular 
produces :  at  firft  an  acidulated  phlegm  came  over  with 
a  gentle  heat ;  the  marine  acid  is  then  concentrated, 
and  its  gas,  much  more  volatile  than  the  water,  was  in 
part  fixed  by  the  iron.  With  a  ftronger  fire,  a  little  of 
the  acid  was  raifed  along  with  fome  iron ;  and  fome 
cryftals,  not  deliquefcent,  are  formed  in  the  balloon. 
At  the  fame  time  cryftals  are  fublimed  along  the  fides 
of  the  retort,  which  are  tranfparent,  very  light,  and  in 
form  of  razor-blades,  which  decompofed  the  light  like 
the  beft  prifms,  and  exhibited  very  beautiful  fhades  of 
red,  yellow,  green,  and  blue.  At  the  bottom  of  the 
retort  a  ftyptic  deliquefcent  fait  remained  of  a  brilliant 
colour  and  leafy  form,  which  exactly  refembled  the 
fp-cies  of  mica  in  large  laminae,  which  are  improperly 
called  talc  or  Mufcovy  glafs.  This  laft  fait,  when  expo- 
fed  to  a  violent  heat  in  a  retort  of  free-ftone,  is  decom- 
pofed, and  furniflies  a  fublimation  ftill  more  aftonifliing 
than  the  former  products.  It  was  an  opaque  matter 
truly  metallic,  which,  when  examined  by  the  microfcopc, 
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preferred  regular  cryftals  or  edges  of  hexagonal  prifms, 
which  M.  le  Due  d'Ayen  compares  to  the  ornaments  in 
the  cielings  of  rooms.  Thefe  cryftals  were  as  brilliant 
as  the  mod:  polifhed  fteel,  and  the  magnet  attracted 
them  very  ftrongly  :  this,  we  fee,  was  iron  reduced 
and  volatilifed  *. 

From  thefe  accounts,  it  is  evident  how  fully  flored 
chemiftry  is  with  lingular  phenomena,  and  how  great 
difcoverias  this  beautiful  fcience  promifes  to  thofe  who 
would  incline  to  make  as  accurate  and  complete  expe- 
riments as  M.  le  Due  d'Ayen  has  defcribed  in  his  re- 
fearches. 

Let  us  not  forget  to  obferve,  that  this  reduction  of 
the  iron  favours  the  pneumatic  doctrine  ;  and  perhaps 
fimilar  products  might  be  obtained  from  many  other 
metallic  folutions  when  treated  in  the  fame  way. 

The  folution  of  martial  marine  fait  is  decompofed  by 
lime-water  and  the  alkalis,  like  all  the  martial  folutions: 
but  thefe  precipitates  are  lefs  altered,  and  may  be  very 
eafily  reduced,  particularly  thofe  which  are  reduced  by 
the  cauftic  alkalis.  I  have  already  oblerved  that  this 
combination  gave  the  pureft  asthiops  by  precipitation. 
Liver  of  fulphur,  hepatic  gas,  and  inflammable  gas,  de- 
compofe  it  as  they  do  the  other  two. 

Water,  charged  with  aerial  acid,  eafily  dillblves  iron. 
For  this  purpofe,  it  is  fufficient  to  put  fome  filings  into 
this  acid  fpirit,  and  leave  the  mixture  in  digeftion  for 
fome  hours.  This  liquor,  when  filtrated,  has  a  fharp 
and  a  little  ftyptic  tafte.  MeiT.  Lane  and  Rouelle  ac- 
knowledged this  property  in  the  chalky  acid.  M.  Berg- 
man, who  calls  this  combination  ferritin  aeratum,  lays, 
that  when  expofed  to  the  air,  it  becomes  covered  with 
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*  I  have  in  my  cabinet  a  black  ore  of  iron,  which  prefents  very 
fmall  brilliant  laminiE  half  a  line  in  breadth,  whofe  form  greatly 
approaches  to  the  cryftals  obtained  by  M.  le  Due  d'Ayen.  They 
are  fmall  very  thin  fcales  of  a  very  mining  iron  gray,  laid  horizon- 
tally, which  crofa  one  another  in  all  directions,  and  which  are  Mat- 
tered on  a  rcddifli  opaque  quartz,  or  a  kind  of  coarfe  jafper.  Thil 
pretty  fpsdraen  came  from  Lorraine, 
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a  pellicle  of  the  colours  of  the  rainbow,  which  the  pura 
alkalis  decompofe,  but  when  combined  with  fixed  air 
have  no  fuc.h  effect.  This  folution  turns  the  fyrup  of 
violets  green,  and  gives  Prunum  blue  with  the  phlo- 
gifticated  alkali ;  fome  martial  ochre  precipitates,  when 
it  is  left  expofed  to  the  air,  or  when  it  is  evaporated. 
1  think  it  fhould  be  called  creta  martialis.  Iron  has  a 
a  great  tendency  to  unite  with  the  chalky  acid.  Nature 
prefepts  it  to  us  very  frequently  in  this  flate:  bog  iron 
ores,  fparry  iron,  appear  to  be  entirely  formed  of  this 
combination,  i  The  martial  mineral  waters  contain  the 
iron  frequently  in  the  flate  of  creta  martialis.  This 
fait,  feparated  from  water,  and  dry,  has  but  little  ten- 
dency to  difTolve  in  this  fluid  :  but  it  dilTolves  in  great 
quantity  in  the  fpirit  of  acid  of  chalk;  from  which  it 
precipitates  in  proportion  to  the.  volatilifation  of  the 
acid. ' 

Iron  makes  nitre  detonate  :  by  projecting  into  a  very 
red  crucible  a  mixture  of  equal  parts  of  tilings  of  fteel 
and  very  dry  nitre,  in  a  little  time  a  very  rapid  motion 
commences;  many  very  brilliant  fparks  are  thrown  out 
of  the  crucible.  When  the  detonation  is  finifhed,  the 
crucible  contains  a  reddifh  calx  of  iron  ;  a  finall  portion 
of  which  is  combined  with  the  alkali  :  by  wafhing,  the 
water  diflblves  the  alkali,  and  the  martial  calx  remains 
upon  the  filter.  It  is  called  crocus  martis  ofZive/fer.  It 
is-  of  a  reddifh  yellow,  not  very  foluble  in  the  acids. 
The  alkali  which  is  feparated  by  the  wafhing  is  cauftic, 
according  to  the  mofl  of  the  chemilts,  who  think  that 
rnoft  of  the  metallic  calces  act  like  pure  lime  upon  this 
fait  charged  with  aerial  acid  *, 

Iron  eafily  decompofes  fal  ammoniac.  Two  gros  of 
ftlings  of  fteel,  triturated  with  a  gros  of  fal  ammoniac, 

'  v  expel 

*lt  mud  be  obferyed,  that  fince  the  theory  of  Black  upon  canfti- 
city,  the  necefiary  experiments  have  not  been  made  to  determine  thi} 
parity  of  a&ion  between  lime  and  the  metallic  calces.  Nothing 
complete  can  be  laid  upon  this  point,  til!  experieuce  evince  the  truth 
•f  the  faa. 
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*xpel  all  the  alkaline  gas.  M.  Bucquet,  who  di- 
ftilled  this  mixture  in  a  pneumato-chemical  appara- 
tus with  mercury,  obtained  fifty-four  cubic  inches  of 
an  aeriform  fluid,  the  one  half  of  which  was  alkaline 
gas,  and  the  other  inflammable  gas.  Four  ounces  of  the 
lame  filings,  and  two  ounces  of  fal  ammoniac,  diflilled 
in  a  retort  with  an  ordinary  recipient,  gave  about  two 
gros  of  alkaline  fpirit  charged  with  a  little  iron,  which  it 
very  foon  allows  to  depofite  in  the  ftate  of  ochre.  The 
refiduum  ofthefe  operations  is  a  martial  marine  fait.  The 
decompofition  of  fal  ammoniac  by  iron  is  founded  upon 
this,  that  this  metal  unites  very  well  with  the  marine 
acid  ;  which  is  proved  by  the  difengagement  of  the  in- 
flammable gas  which  is  obferved  in  this  experiment. 
In  pharmacy,  a  medicine  is  prepared  with  fal  ammoniac 
and  iron,  called  flores  martiaies  falls  ammoniaci,  or  ens 
martis.  A  pound  of  fal  ammoniac  in  powder,  and  one 
ounce  of  iron-filings,  are  mixed  together  :  this  mixture 
is  expofed  in  an  earthen  veffel  covered  with  another 
of  fnnilar  materials  to  a  fire  capable  of  reddening  the 
inferior  part  of  this  apparatus.  In  five  or  fix  hours  a 
yellow  matter  is  fublirned,  which  is  to  be  kept  in  a  vial. 
Thefe  are  theflores  martiaies.  This  fubftanceis  formed  in 
a  great  meafure  of  fal  ammoniac  fublirned  with  a  little 
calx  of  iron.  As  this  metal  very  eafily  decompofes  fal 
ammoniac,  we  mud  ufe  but  a  fmall  quantity,  in  order 
that  the  greatefl:  part  of  the  fal  ammoniac  may  be  fub- 
lirned without  alteration.  The  portion  of  martial  calx, 
which  is  volatilifed  by  means  of  the  marine  acid  and 
the  volatile  alkali,  gives  a  colour  to  the  fal  ammoniac. 

The  calx  of  iron  decompofes  this  fait  better  than  the 
metal  itfelf  does,  difengaging  the  volatile  alkali  even 
without  heat.  What  is  obtained  by  diftillation  is  very 
fluid  and  fulficiently  cauftk.  I  have  got  volatile  alkali 
which  eftervefced  with  acids,  by  diftilling  fal  ammoniac 
with  half  its  weight  of  crocus  martis  aperiens.  In  rhis 
experiment  the  aerial  acid  difengaged  from  the  iron 
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unites  with  the  volatile  alkali,  which  is  thus  rendered 
eflervefcent. 

Iron  is  acted  upon  by  inflammable  gas :  but  this  al- 
teration, which  is  very  fenfible  from  the  colour,  has  not 
keen  examined  anent  the  other  properties  of  this 
metal. 

Sulphur  rapidly  combines  with  iron.    A  mixture  of 
filings  of  iron  and  of  fulphur  in  powder,  moiftened  with 
a  fmall  quantity  of  water,  grows  hot  in  a  few  hours:  then 
it  fvvells,  agglutinates,  abforbs  water,  fplits  with  a  noife 
or  evident  crackling,  and  emits  many  aqueous  vapours, 
accompanied  with  a  very  evident  hepatic  odour,  fome- 
what  fimilar  to  that  of  inflammable  gas.   If  the  mixture 
is  made  of  a  great  fize,  it  inflames  in  twenty-four  or 
thirty  hours,  and  as  foon  as  the  watery  vapours  have 
ceafed.    Towards  the  mutual  action  of  thefe  fubftances, 
the  heat  augments  with  great  rapidity,  and  the  inflam- 
mation very  foon  takes  place.    The  fmell  is  then  much 
more  exalted,  and  feems  to  be  owing  to  the  inflam- 
mable gas  produced  by  the  reaction  of  the  fulphur  and 
iron.    This  fmell  is  mixed  with  that  of  liver  of  fulphur 
and  that  of  pure  inflammable  gas :  and  it  is  undoubtedly 
this  inflammable  gas  which  is  difengaged  in  great 
quantity,  that  caufes  the  inflammation  obferved  in  this 
experiment,  fmce  the  flame  is  much  brighter  than  that 
of  fulphur.    It  is  driven  a  foot  upwards,  according  to 
M.  Baume,  who  obferved  this  phenomenon  from  a 
hundred  pounds  of  filings  and  as  much  fulphur;  it 
lafted  only  two  or  three  minutes.    The  mixture  re- 
mained inflamed  or  red  for  forty  hours.    M.  Baume 
explains  this  [phenomenon  by  the  difengagement  of 
the  phlogifton  into  free  fire.    Lemery  the  father  call- 
ed this  an  artificial  volcano  ;  and  he  imagined,  that 
the  fires  which  are  kindled  in  the  interior  parts  of 
our  globe,  and  which,  raifing  the  furface  of  it,  pro- 
duce earthquakes  and  volcanos,  were  owing  to  a  com- 
bination fimilar  to  that  of  the  pyrites  heaped  toge- 
ther and  moiftened.    Thefe  terrible  effefts,  as  the 
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fame  chemift  fays,  may  be  imitated,  by  burying  in  the 
earth  a  mixture  of  fulphur  in  powder  and  iron  filings 
reduced  into  a  pafte  with  water,  and  covering  it  up 
with  earth  ftrongly  preffed  together.  This  experiment 
did  not  fucceed  with  M.  Bucquet,  who  repeated  it  with 
great  exactnefs  :  but  from  Dr  Prieftley's  experiments 
we  may  conceive  the  reafon.  This  philofopher  has  ob- 
ferved,  that  the  mixture  of  iron  and  fulphur  moiften- 
ed,  abforbed  a  certain  quaintity  of  air,  which  is  un- 
doubtedly neceffary  to  its  inflammation.  This  laft  fact 
agrees  very  well  with  M.  LaVoifier's  theory.  Accord- 
ingly it  feems,  that  the.  fulphur  very  much  divided  by 
the  reaction  of  the  moiftened  iron,  attracts  a  portion  of 
the  pure  air  of  the  atmofphere,  that  it  may  change  into 
vitriolic  acid  ;  then  the  iron  is  diffolved,  and  produces 
inflammable  gas,  which  kindles  by  the  heat  occafioned 
in  the  mixture.  On  this  account  a  great  quantity  of 
martial  vitriol  can  be  extracted  from  the  mixture. 
There  is  a  great  analogy  between  this  combination  of 
the  iron  with  the  fulphur  by  the  humid  way  and  the  ef- 
florefcence  of  the  pyrites. 

By  fufion  fulphur  very  eafily  combines  with  iron,  and 
compofes  a  pyritous  matter  difpofed  in  needles.  As 
the  fulphur  in  this  cafe  greatly  increafes  the  fufibility  of 
the  iron,  this  metal  may  be  quickly  fufed  by  means  of 
this  combuftible  body.  For  this  purpofe  we  mud  pafs 
a  fmall  bar  of  this  metal,  heated  to  whitenefs,  into  a 
roll  of  fulphur,  and  receive  the  fufed  matter  in  water. 
In  the  water  we  find  black  brittle  globules  fimilar  to  the 
pyrites,  and  formed  like  thofe  of  fmall,  very  elongated, 
and  concentric  pyramids. 

Arfenic  combined  with  iron  gives  a  coarfe,  brittle, 
and  very  little  known  alloy :  with  cobalt  it  conftitutes 
a  mixed  metal  in  fmall  compact  grains,  hard,  and  very 
difficult  to  break.  It  is  prefumed  not  to  unite  with 
bifmuth. 

Combined  with  antimony,  it  forms  a  hard  alloy  in 
fmall  facets,  which  the  hammer  but  flightly  flattens. 

Iron 
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Iron  has  more  affinity  with  the  fulphur  than  with 
the  regulus  ;  confequently  it  has  the  power  of  decom* 
pofing  the  antimony.  Five  ounces  of  Marechal  nails  arc 
made  red-hot  in  a  crucible,  and  a  pound  of  powdered  an- 
mony  thrown  in :  a  ftrong  quick  heat  is  applied  in  or- 
der to  fufe  the  mixture  :  when  it  is  well  fufed,  an  ounce 
of  powdered  nitre  is  projected,  in  order  to  facilitate  by 
a  proper  fufion  the  feparation  of  the  fcorise  from  the  re- 
gulus:  the  materials  are  Left  to  cool,  and  a  regulus  of 
antimony  is  found  which  does  not  contain  any  iron.  If 
one  part  of  iron  to  two  of  antimony  be  ufed,  there  will 
be  a  martial  regulus.  The  fcoriae  which  are  found 
above  this  laft  regulus,  prepared  with  nitre  and  tartar, 
have  a  yellowifh  colour  fimilar  to  that  of  amber :  for 
that  reafon  Stahl  has  called  them  fcoria  fuccinata*  He 
prefcribes  reducing  them  into  powder,  and  boiling  them 
in  water.  This  fluid  carries  along  with  it  the  moft  di- 
vided part ;  it  is  then  decanted,  filtrated,  and  the  pow- 
der remaining  upon  the  filtre  detonated  thrice  with 
nitre.  It  is  wafhed  and  dried :  and  this  is  StahPs  cro- 
cus martis  aperiens  antimoniatus. 

It  is  ftiU  uncertain  if  zinc  can  unite  with  iron.  M.  Ma- 
louin,  in  his  memoir  upon  Zinc,  (Academy  1742),  has 
fhown  that  this  femimetal  may  be  applied,  like  tin,  to 
the  furface  of  iron,  and  defend  it  from  the  contact  of 
the  air ;  which  is  an  indication  that  thefe  two  metals  are 
fufceptible  of  combination. 

Nickel  appears  to  be  capable  of  a  very  intimate  com- 
bination with  iron ;  thefe  two  metallic  fubftances,  ac- 
cording to  M.  Arvidfon,  never  admitting  of  an  entire 
feparation. 

Mercury  in  its  metallic  flate  forms  no  union  with 
iron.  Their  immediate  combination  has  been  in  vain 
attempted ;  but  they  unite  in  the  form  of  a  calx. 
M.  Navier  has  obferved,  that  a  fnowy  white  precipitate 
was  obtained  from  the  admixture  of  a  folution  of  iron 
and  of  mercury  by  the  vitriolic  acid;  the  mixture  eva- 
porated forms  flat  very  light  cryftals  refembling  fedativj 
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fak.  M.  Navier  has  afcertained,  that  thefe  cryftals  are 
combinations  of  iron  and  mercury. 

Lead  contracts  no  union  with  iron. 

It  is  not  known  if  iron  and  tin  can  unite  by  fufion. 
The  covering  the  furface  of  iron  with  a  coat  of  tin,  or. 
the  preparation  of  white  iron,  feems  to  mow  that  this 
combination  takes  place,  as  we  are  going  to  fee.  To 
tin  the  iron,  the  furface  requires  to  be  very  convenient 
and  brilliant ;  for  which  purpofe  it  is  fubjecled  to  the 
aftion  of  an  acid  or  of  a  file,  or  of  fal  ammoniac  ;  then 
it  is  plunged  vertically  into  a  veffel  full  of  fufed  tin :  it 
is  turned  up  to  increafe  the  thicknefs  of  the  coat ;  and 
when  it  is  fufficiently  tinned,  it  is  taken  out  and  rubbed 
with  faw-duft  pr  bran,  to  carry  off  the  greafe  or  pitch 
with  which  the  fufed  tin  was  covered,  and  which  had 
adhered  to  the  furface  of  the  tin-iron.  If  the  iron  to  be 
tinned  is  reduced  into  fmall  plates,  the  tin  will  not  only 
adhere  to  the  furface,  but  will  penetrate  it,  and  com- 
bine with  all  its  parts;  and  upon  cutting  it,  the  fame 
white  colour  will  be  obferved  in  its  middle  as  at  its  fur- 
face ;  which  mows  that  white  iron,  well  prepared,  is  a 
true  chemical  combination :  befides,  it  is  more  malle- 
able than  iron ;  and  of  it  veffels  are  made  of  a  form 
which  this  metal  in  its  pure  ftate  could  not  be  made  to 
aifume. 

The  ufe  of  iron  is  fo  extenfive  and  fo  well  known, 
that  it  were  ufelefs  to  infift  upon  it.  It  is  fufficient  only 
to  know,  that  no  art  can  difpenfe  with  it ;  and,  as 
M.  Macquer  expreffes  it,  it  is  the  foul  of  all  the  arts. 
The  different  modifications  it  can  afTume  make  it  a 
fubftance  very  adequate  for  the  multiplicity  of  ufes  to 
which  it  is  deftined.  The  font  ferves  to  fufe  utenfils 
which  are  more  or  lefs  folid,  or  have  more  or  lefs  re- 
fiftance,  as  neceflity  requires.  The  hardnefs  and  tena- 
city of  forged  iron  very  properly  fuit  the  various  pur- 
pofes  to  which  it  is  applied.  The  fame  may  be  faid  of 
the  different  forts  of  fteel :  the  finenefs  of  the  grain  and 
the  temper  conftitute  many  kinds  of  it ;  all  of  which 

are 


5* 


L  E  C  T-U  11  E  S  ON 


are  made  life,  of  in  the  different  arts  to  which  they  are 
adapted.  The  calces  of  iron  ferve  to  give  a  red  or 
brown  colour  to  the  porcelains,  the  earthen  wares,  the 
enamels,  and  other  fubftances.  They  are  employed 
alfo  in  the  preparation  of  the  artificial  precious  Itones, 
and  combined  with  oil  in  painting. 

In  medicine  iron  is  an  important  remedy,  productive 
often  of  the  mod  falutary  effects.    It  is  the  only  metal 
which  contains  nothing  hurtful,  and  whofe  effects  need 
not  be  dreaded.    It  has  even  fuch  an  analogy,  as  we 
have  already  feen,  with  the  organic  matters,  that  it 
feems  to  make  a  part  of  them,  and  frequently  to  owe 
its  production  to  the  animal  ceconomy  or  to  vegetation. 
The  effects  of  iron  upon  the  animal  ceconomy  are  fuffi- 
ciently  numerous:    It  ftimulates  the  fibres  of  the  mem- 
branous vifcera,  and  feems  to  act  in  a  fpecial  manner 
upon  thofe  of  the  mufcles,  whofe  tone  it  augments.  It 
ftrengthens  the  nerves,  and  gives  the  weakened  ma- 
chine a  remarkable. energy  and  vigour.    It  excites  fe- 
veral  fecretions,  particularly  thofe  of  the  urine  and  fan- 
guine  evacuations.    It  provokes  natural  hemorrhagies, 
as  the  menftrual  and  hemorrhoidal  fluxes.    It  increafes 
and  multiplies  the  contractions  of  the  heart,  and  confe- 
quently  the  force  and  quicknefs  of  the  pulfe.    It  acts 
upon  the  fluids  in  no  lefs  degree.    It  eafily  paffes  into 
the  circulation,  and  combines  with  the  blood,  to  which 
it  gives  denfity,  confidence,  colour,  and  a  greater  con- 
crefcibility ;  at  the  fame  time  it  communicates  to  it  fuch 
an  activity,  as  eafily  to  pafs  into  the  moft  minute  vef- 
fels,  ftimulating  the  fides  of  the  canals  which  contain  it, 
fupporting  the  energy  and  life.    The  beautiful  experi- 
ments of  M.  Menghini,  publiflied  in  the  Memoirs  of 
the  Inftitutes  of  Boulogne,  have  proved,  that  the  blood 
of  perfons  who  have  made  ufe  of  iron  is  more  coloured, 
and  contains  a  greater  quantity  of  iron,  than  it  contains 
naturally.    M.  Lorry,  who  in  the  practice  of  medicine 
has  cultivated  this  nicety  of  obfervation,  and  the  pretty 
remarks  which  characterife  the  knowing  phyfician  and 
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philofopher,  obfcrved,  that  the  urine  of  a  patient  to 
whom  he  adminiftered  iron  in  a  very  divided  (late,  was 
manifeftly  coloured  with  the  gall-nut.  This  metal, 
then,  is  a  tonic,  corroborant,  ftomachic,  diuretic,  al- 
terant, and  an  incifive  remedy,  whofc  action  compre- 
hends the  properties  of  a  great  number  of  medicines. 
Like  aftringents,  it  braces  the  fibres,  and  increafes  their 
oicillation;  and  is  preferable  to  other  remedies  which 
enjoy  the  fame  virtue,  on  account  of  the  greater  cer- 
tainty and  durability  in  its  effects ;  becaufe  it  combines 
with  the  organs  themfelves  by  the  intermedium  of  the 
fluids,  which  ferve  for  their  nutrition.  On  thefe  ac- 
counts, it  is  proper  in  all  the  cafes  where  the  fibres  of 
the  vifcera,  of  the  mufcles,  and  even  of  the  nerves, 
have  their  action  weakened;  in  the  weaknefs  of  the 
ftomach  and  inactivity  of  the  inteftines,  and  in  the  dif- 
eafes  arifing  from  thefe  caufes ;  and,  laftly,  in  all  cafes 
where  the  fluids  have  not  the  proper  confidence  and 
concrefcibility,  but  are  too  watery,  as  in  pale  habits, 
and  in  thofe  difpofed  to  dropfy,  &c.  It  is  employed 
under  many  different  forms ;  as  the  porphyrifed  lima- 
tura  martis,  martial  aethiops,  crocus  martis  aperiens  and 
aftringens,  tinctura  martialis  alkalina  Stahlii,  flores 
martiales.  To  thefe  medicines  might  be  added,  per- 
haps, the  iron  precipitated  from  the  acids  and  rediflbl- 
ved  by  the  volatile  alkali,  fal  martialis  fedativus,  and 
the  Pruflian  blue  recommended  by  the  academy  of  Di- 
jon. Externally,  martial  vitriol  is  ufed  as  a  ltyptic  in 
hemorrhagies  and  the  like. 

Iron,  poffeflmg  the  power  of  magnetifm,  or  the  arti- 
ficial magnet,  produces  alfo  lingular  effects  upon  the 
animal  ceconomy.  Applied  to  the  fkin,  it  relieves  pains, 
allays  convulfions,  excites  rednefs,  fweat,  and  frequent- 
ly alfo  an  eruption  of  fmall  pimples :  it  feems  alfo  to 
impede  the  acceflion  of  epileptic  fits.  Left  in  water  for 
a  dozen  of  hours,  it  is  faid  to  communicate  to  it  a  pur- 
gative  property.  Although  all  thefe  facts  require  to  be 
confirmed  by  many  experiments,  it  cannot  be  doubted 
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that  the  magnet  has  a  very  fenfible  virtue.  M.  Thou- 
Tet  phyfician  of  the  Faculty  of  Paris,  and  of  the  Royal 
Society  of  Medicine,  has  communicated,  in  the  firit  vo- 
lume of  this  lalt  company's  hiftory,  a  beautiful  obfer- 
vation  relative  to  this  fubjeft.  A  patient  at  Rouen 
complained  of  a  fixed  pain  in  the  different  branches  of 
the  feventh  pair  of  nerves  difperl'ed  upon  the  cheek,  by 
applying  a  magnet  to  the  different  parts  of  this  region, 
the  fkin  feemed  to  make  refinance  to  the  magnet: 
There  is  no  queffion  that  new  obfervations  will  confirm 
thefe  difcoveries,  and  elucidate  the  practice  of  phyfic ; 
which  fome  perfons  have  been  inclined  to  render  more 
intricate  by  making  it  appear  mylterious  *. 

*  The  iron  of  Great  Britain  is  made  from  three  different  kinds 
of  minerals,  from  iron-ore,  commoply  called  LancaJJjire  or'et  from 
the  name  of  the  county  where  it  is  found  in  greatelt  abundance. 

is  ore  is  very  heavy,  of  a. fibrous  or  lamellated  texture  :  the  co- 
lour is  dark  purple,  approaching  to  a  thinning  black,  and  when  re- 
duced to  powder  it  becomes  of  a  deep  red  :  it  lies  in  veins  like 
the  ores  of  molt  other  metals,  from  which  it  is  dug  in  a  fimilar 
manner.  The  bog-drc  refeinbles  a  deep  yellow  ocury  clay,  and 
feems  to  be  the  depofition  of  fome  ferruginous  rivuletj  whofe  courfe 
tad  formerly  been  over  the  furface  of  a  Hat  marfhy  plain.  It  lies  in 
bed*  of  an  irregular  thicknefs,  commonly  from  twelve  to  twenty 
iuches,  and  i3  very  various  in  its  breadth  from  fide  to  fide  ;  Co  that 
it  never  forms  a  uniform  extended  bed  of  any  great  dimenfion. 
Miners,  who  are  accuftomed  to  fearch  for  bog-ore,  know  where  to 
dig,  by  examining  the  nature  of  the  plants  which  grow  upon  the 
furface^  as  they  always  indicate  the  quality  of  the  foil  which  is  be- 
neath them.  The  iron-ftone  has  no  regular  appearance,  and  docs 
not  in  the  lead  refemble  a  metal  externally.  It  lies  in  beds  of  great 
extent  like  other  ftony  matters*  and  is  commonly  llratirkd  with  feams 
of  pit-coal,  forming  alternate  layers  ;  though  thefe  are  not  always 
rich  enough  to  repay  the  expence  of  working.  Such  are  the  chief 
differences  of  the  three  principal  minerals  from  which  iron  is  ob- 
tained ;  although  there  is  an  infinite  variety  in  the  quality  and  ap- 
pearance of  the  iron*ore  and  iron-ftone. 

The  ores  of  iron  are  in  general  roalted  before  they  are  put  into 
the  furnace  for  fulion.  This  operation  is  not  always  performed  in 
order  to.  free  the  minerals  from  lulphureous  and  other  volatile  mat- 
ters, as  many  of  the  ores  contain  no  fnch  matters.  But  then  the 
procefs  of  roading  calcines  the  aJhering  matrix,  makes  the  filiceoua 
earth  crack,  and  renders  the  whole  mafa  fo  friable,  that  it  may  be 
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eafily  broke  into  fragments  of  a  convenient  fize  for  melting.  After1 
the  mineral  is  duly  prepared,  it  is  next  fubje&ed  to  the  mod  intenfc 
heat  which  the  force  of  fuel  can  raife  in  a  furnace  ;  and  if  the  qua- 
lity of  the  mineral  requires  an  addition,  a  certain  portion  of  lime- 
ftone  is  added  to  promote  and  facilitate  the  fufion  of  the  metal.  The 
furnaces  which  are  erected  for  melting  iron,  confift  of  a  large  ca- 
pacious cavity,  from  fixteen  to  twenty-five  feet  high,  and*  from  tea 
to  fourteen  wide  :  the  moft  approved  fhape  nearly  refembles  that  of 
a  hen's  egg*  with  the  largeft  end  undermoft;  below  which  there  is 
a  fquare  cavity  to  contain  the  melted  metal,  and  at  top  a  very  fhort 
vent  about  twenty  inches  in  diameter.  The  inner  wall  is  built  of 
fire-done,  which  indures  a  (trong  heat  with  little  rifk  of  melting,  and 
has  all  the  joints  cemented  with  mortar  compofed  of  fand  and  clay. 
This  is  furrounded  with  more  building,  which  deviates  more  and 
more  from  a  circular  form,  and  the  whole  is  incompaffed  with  a 
fquare  building,  which  is  about  twenty  feet  at  the  bale,  and  gradu- 
ally converges  to  the  top.  This  outer  wall  confifts  of  very  large 
ftones,  and  is  fometimes  bound  round  with  large  beams  of  wood  to 
give  additional  ftrength,  and  to  fortify  the  whole  building.  The 
foundation  of  fo  large  a  mafs  muft  be  quite  folid.  But  under  the 
hearth  a  void  fpacc  is  left,  by  means  of  an  arch,  to  prevent  any  wa- 
tery moifture  from  cooling  the  bottom  of  the  melted  metal.  The 
hearth  is  compofed  of  a  large  flat  (lone;  and  upon  every  fide  of  it  a 
ftone  is  fet  on  edge  about  eighteen  inches  deep,  which  forms  the 
fquare  cavity  made  at  the  bottom  of  the  furnace  to  collect  the  metaL 
One  of  the  Hones  is  fomewhat  fmaller  than  the  reft,  which  leavc3  an 
opening  above  it  in  order  to  give  vent  to  the  fcoriae  after  the  metal 
has  rifen  to  a  certain  height.  A  little  above  the  edge  of  this  cavity, 
foon  after  the  body  of  the  furnace  begins  to  fwell,  a  hole  is  made  in 
the  wall  to  permit  the  nofel  of  the  beiiows  to  enter,  and  a  proper 
vacuity  is  left  in  the  fame  fide  of  the  building  to  lodge  tht  body  of 
the  bellows.  It  is  a  matter  of  fome  nicety  to  proportion  all  the 
parts  to  each  other  fo  that  the  furnace  may  work  well :  and  the  prin- 
ciple upon  which  the  perfe&ion  of  a  furnace  depends  is  ftill  fo  little 
underftood,  that  the  conflru&ion  of  iron  furnaces  is  varied  in  different 
countries,  more  from  caprice  than  from  judgment  and  experience. 

After  the  whole  ftru&ure  is  completed,  the  great  cavity  13  filled 
with  charcoal,  which  is  kindled  at  the  top,  to  heat  the  body  of  the 
furnace  gradually.  When  the  charcoal  has  burnt  down  a  certain 
length,  the  founder  begins  to  charge  the  furnace  with  proper  ma- 
terials for  working.  This  charge  confifts  of  charcoal,  limeftone, 
and  the  irony  mineral  mixed  together  in  a  juft  quantity.  The 
founder  muft  be  extremely  attentive  that  none  of  the  materials  ex- 
ceed the  proportion  which  it  fhould  bear  to  the  reft.  If  the  quan- 
tity of  charcoal  be  too  large,  the  excefs  burns  in  pure  lofs,  the  iron 
W  too  much  fcorified,  and  does  not  potftfs  the  fame  excellent  quality 
»t  would  have  done,  had  the  proportions  been  more  juft.    if  the 
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charcoal  be  added  in  too  fraall  quantity,  then  the  iron  is  not  fuffi- 
ciently  purged  from  the  heterogeneous  matters  which  vitiate  the 
quality,  the  matrix  is  dill  left  crude,  full  of  large  brilliant  lamina? 
and  fulphureous  particles.  Befidcs,  when  the  furnace  has  been  once 
overcharged  with  the  mineral,  it  never  can  afterwards  be  brought 
to  confume  fo  large  a  quantity  as  it  would  otherwife  have  done. 
For  this  retifon  the  founder  mud  attend  the  furnace  with  affiduity 
and  care  during  the  firit  days  of  working,  in  order  to  learn  the 
trim  ;  and  he  (hould  all  the  while  be  attentive  to  augment  the  pro- 
portion of  the  mineral  gradually,  fo  that  the  furnace  may  never  be 
overcharged  by  the  injudicious  addition  of  too  large  a  quantity  at 
once. 

The  mcH  intenfe  heat  is  excited  oppofite  to  the  blaft,  of  the  bel- 
lows ;  and  as  the  mineral  defcends  gradually  from  the  top  of  the 
furnace*  it  is  prepared  for  fufion  before  it  reaches  the  blaft..  The 
chief  part  of  the  operation,  the  converfion  of  the  ore  into  metal, 
goes  on  at  this  point  :  and  as  fome  eftimate  of  the  perfection  of  the 
procefs  may  [be  formed  from  infpection,  the  founder  often  looks 
through  the  hole  where  the  bellows  enters,  to  obferve  what  pafles 
within.  He  there  perceives  the  metal  falling  down  in  drops  like 
rain,  which  collect  in  the  bafon  at  the  bottom  of  the  furnace.  The 
pure  metal  finks  below  from  its  fuperior  gravity,  while  the  flag  or 
lcoria;,  which  confift  of  the  earthy  matters,  converted  almoft  into  a 
vitreou3  roafs  by  the  force  of  the  heat,  float  atop  of  it.  At  certain 
intervals,  the  metal  collected  in  the  bafon  will  become  agitated  with 
great  inteftine  commotions,  boil  and  bubble  up,  and  emit  vivid 
fparks,  which  feem  to  deflagrate  in  the  air.  Thofe  fits  of  ebulli- 
tion will  continue  for  half  an  hour  at  a  time,  and  return  at  ftated 
periods  with  wonderful  regularity.  They  are  fuppofed  to  purify 
the  metal,  though  the  caufe  of  the  phenomenon  is  not  well  under- 
ftood.  Sometimes  the  furnace  will  take  a  fcouring,  and  melt 
away,  tul  a  large  excavation  is  formed  on  the  fide  of  it,  without 
any  perfon  being  able  to  aflign  a  reafon  why  it  fliould  begin,  or 
why  it  fhould  ceafe.  The  excavation  mod  commonly  occurs  in  the 
loweft  part  of  the  Wall  oppofite  to  the  blaft,  or  on  the  higher  part 
of  the  wall  on  the  fame  fide  with  the  bellows. 

An  intelligent  workman  can  judge,  with  great  corredtnefs,  of  the 
perfection  of  his  font  (the  term  ufed  for  the  quantity  of  metal  run 
from  the  furnace  at  once),  from  obferving  the  appearance  of  the 
flame  which  ifiues  from  the  top  of  the  furnace,  and  from  infpeding 
the  colour  and  confidence  of  the  fcoriae  which  flow  from  the  furface 
of  the  metal.  When  the  flame  rifes  to  a  great  height  above  the 
furnace  with  clouds  of  thick  fmoke,  attended  with  a  number  of 
fparks  mooting  to  a  diftance  in  the  air,  we  may  expect  an  ebulli- 
tion on  the  hearth.  When  the  anterior  wall  is  covered  with  a  brown 
and  fmoaky  colour,  we  may  be  afiured  that  the  minerals  are  not 
completely  fufed,  and  that  the  pure,  heavy,  metallic  parts  are  not 
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tho^ughly  feparated  from  the  light  impure  fcoriae  :  biit,  on  the 
contrary,  a  green  tint,  verging  to  a  white,  denotes  an  excellent  Rate 
of  the  fufion.  With  regard  to  the  appearance  of  the  fcoriae,  if  they 
feem  full  of  brilliant  particles  or  fcales,  if  they  run  white  from  the 
hearth,  efpecially  towards  their  extremities,  or  if  the  fcoriae  be  very 
light  and  limpid  as  water,  with  a  fmail  degree  of  tenacity,  and  if 
they  harden  immediately  upon  expofure  to  air;  all  thofe  eircumftan- 
ces  mark  a  heat  too  much  concentrated,  which  muft  be  tempered 
by  the  addition  of  more  mineral.  If  the  fcoriae  are  opaque  and 
black,  there  has  been  a  deficiency  of  charcoal  ;  but  if  they  be  black, 
refembling  the  colour  of  iron,  and  at  the  fame  time  light,  we  may 
conclnde  that  a  juft  proportion  of  charcoal  and  mineral  has  been 
employed.  Yet,  after  all,  the  moft  expert  workmen  agreV  that  the 
nature  and  quality  of  the  metal  is  affected  by  the  occurrence  of  a 
thoufand  unknown  circumftances,  which  we  do  not  thoroughly  un- 
derftand,  and  which  it  is  by  no  means  eafy  to  inveftigate. 

A  good-going  furnace  will  often  yield  from  three  to  four  tons  of 
iron  in  the  courfe  of  twenty -four  hours.  The  metal  islet  out  com- 
monly at  three  intervals,  by  driving  a  hole  with  a  punch  contiguous 
to  the  fmall  (tone  of  the  bafon  ;  and  when  the  whole  has  run  out, 
the  hole  is  well  fhut  with  clay  until  there  is  occafion  to  open  it  again. 
This  operation  is  called  tapping  the  furnace.  The  metal  is  run  into 
moulds  of  whatever  rtiape  and  fize  the  workman  wiflies.  The  bel- 
lows is  Hopped  during  the  flow  of  the  metal,  and  opened  imme- 
diately after,  as  the  furnace  is  continually  fupplied  with  a  frefh 
charge  when  any  part  of  the  former  is  exhaufted.  In  this  manner 
it  is  kept  working  perpetually,  until  part  of  it  fall  into  decay  by 
life. 

Iron  that  flows  from  the  furnace  is  called  caji  iron,  pig  iron,  or 
yetlin.  It  is  very  hard  and  brittle,  does  not  admit  of  extenfion  un- 
der a  hammer,  and  commonly  receives  but  little  impreflion  from  the 
teeth  of  a  file.  Thofe  properties  are  directly  contrary  to  the  pro- 
perties which  malleable  iron  pofTeffes  :  for  malleable  iron  is  neither 
brittle  nor  hard,  admits  of  great  extenfion  under  a  hammer,  and 
may  be  fhaped  into  any  form  by  means  of  a  file  ;  but  is  altogether 
infufible  in  the  greatefl  heat  which  it  is  in  the  power  of  fuel  to  ex- 
cite, however  long  it  be  expofed  to  its  action. 

The  difficulty  of  making  good  call  iron  is  fo  very  great,  that  the 
mod  fagacious  workman  cannot  always  promife  to  run  every  font 
of  the  fame  quality  :  there  is  even  a  difference  in  the  quality  of  the 
different  parts  of  one  font ;  and  this  is  fometimes  fo  remarkable, 
that  one  half  of  a  kettle  proves  hard,  while  the  other  half  proves 
foft,  although  the  whole  metal  be  run  out  at  once  from  the  fur- 
nace. Variations,  fo  great  as  this,  are  attended  with  great  practi- 
cal inconveniences  ;  fo  that  it  becomes  an  object  of  confequence  to 
correft  the  fault  completely. 

In  order  to  afcertain  how  long  iron  retained  its  foftnefs,  M.  Reau- 
Vol.  II.  E  mur 
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mur  kept  fome  foft  Iron  in  fufion,  taking  out  a  fmall  portion  at  dif- 
ferent intervals  to  try  the  quality.  What  was  taken  out  firft,  pro- 
ved foft  when  cold  ;  after  a  quartir  of  an  hour  it  (till  yielded  to  the 
,  file,  but  with  more  difficulty  ;  after  remaining  fufed  another  quarter ' 
of  an  hour,  it  proved  hard,  and  did  not  yield  to  the  file  at  all.  M. 
Rea  umur  found  in  the  trials  which  he  had  made  for  this  purpofe, 
that  caft  iron,  remelted  in  a  crucible  wiih  animal  bones  and  a  fmall 
quantity  of  charcoal-dult,  was  rendered  foft  and  uniform  in  its  qua- 
lity. He  found,  at  the  fame  time,  when  kept  in  fufion  without  ad- 
dition, the  contrary  effefl  took  place,  and  that  foft  iron  became 
even  brittle  by  this  procefs.  In  the  courfe  of  examining  the  bed 
method  of  foftening  caft  iron,  M.  Reaumur  at  laft  difcovered,  that 
the  mere  application  of  heat  was  alone  fufficient,  provided  the  re- 
quifite  degree  was  employed.  This  was  fomewhat  nice  to  regulate  ; 
for  if  the  heat  did  not  exceed  a  cherry  red,  no  length  of  expofure 
was  of  the  (mailed  fervice  :  The  operation  began  as  the  heat  increa- 
fed,  and  fucceeded  belt  when  it  approached  to  the  fufing  point  ;  for 
ihofe  plates  were  moft  completely  foftened  whofe  edges  had  begun 
fa  melt.  In  thefe  experiments  there  was  an  opportunity  to  obferve 
the  progreffion  of  the  change,  which  began  at  the  furface,  and  pro- 
ceeded gradually  towards  the  centre.  The  outfide  was  fomctimes 
fairly  converted  into  foft  malleable  iron,  while  the  internal  parts  re- 
tained their  original  texture.  The  diftinftion  is  fufficit  ntly  marked. 
Malleable  iron  is  of  a  lamellated,  caft  iron  of  a  granulated,  texture. 
The  good  or  bad  quality  of  the  caft  iron  is  determined  from  the 
colour,  fize,  and  dii'pofition  of  the  grains.  What  is  in  general  moft 
efteemed  has  the  grains  fine,  diitindt,  apart  from  one  another,  and 
approaches  nearly  to  the  appearance  offteel  tempered  with  a  gentle 
h^at  :  and  with  regard  to  colour,  the  browned  are  the  moft  ealily 
kept  foft.  That  which  has  a  black  colour  with  a  fine  diftinft  grain 
is  the  moft  malleable  of  all.  Of  two  different  fonts,  one  (hall  be  of  a 
lighter  grey,  and  better  grained  ;  the  other  (hall  be  of  a  deeper 
black,  with  larger  and  Iefs  diftind  grains.  Tn  this  cafe  we  prefer- 
that  which  has  the  molt  perfeft  granulation  :  for  in  common  we  lay 
much  more  (trefs  upon  the  texture  of  the  grain  than  upon  the  tint! 
of  colour.  After  all,  we  muft  confefs,  that  ihofe  marks  often  prove: 
fallacious,  this  metal  is  fo  various  in  its  nature. 

Call  iron  is  extremely  valuable  from  the  extent  of  its  ufe  to  the 
purpofes  of  life.    By  the  improvement  of  the  manufacture,  it  i». 
formed  into  a  great  variety  of  utenfils.     It  is  employed  for  fmall  or, 
large  work,  from  the  leaft-fizcd  tacket  up  to  the  largeft  piece  of 
ordinance  weighing  many  tons. 

Caft  iron,  as  was  before  obferved,  is  not  malleable.     In  order  ro> 
make  it  fo,  the  Swedes,  who  are  reputed  to  make  the  bed  bar-iron,, 
purify  the  font  by  repeated  fufions.    The  firft  part  of  the  procefs  iu> 
to  place  the  iron  upon  a  mixture  of  cbarcoal-duft,  and  the  fcortac  of 
former  meltings,  before  the  blaft  of  a  bellows  driven  by  water. 
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The  blaft  plays  into  a  cavity  about  eighteen  inches  deep,  and  is  di- 
rected fo  as  to  ftrike  the  angle  where  the  bottom  and  oppofite  fide 
join.    The  cavity  is  filled  till  within  one  third  of  the  top  with  the 
mixture  of  charcoal-dull  and  fcoriae,  up  >n  which  the  mafs  of  iron 
is  placed  obliquely,  in  order  that  it  may  be  parallel  to  the  direction 
of  the  blalt,  which  plays  chiefly  upon  the  under  fide  {  and  the  me- 
tal Hands  about  fix  inches  dillani  from  the  nozel  of  the  bellows.  The 
whole  is  then  covered  with  charcoal,  which  is  kindled  below,  and 
the  bellows  is  fet  a-working.    The  fcoriae  promote  the  ftifion  ofthe 
iron,  which  melts  at  the  under  fide  ;  and  as  it  runs  down  the  work- 
men pufh  it  nearer  the  bellows,  that  the  melting  fnrface  msy  be  all 
the  while  retained  at  the  fame  diltance  from  the  blalt.    When  all 
the  metal  is  melted,  it  begins  to  iwell  and  bubble  at  the  fuvface, 
and  will  fometimes  rife  above  the  edge  of  the  cavity.    The  tenuity 
ofthe  fulion  mult  be  fuch  as  will  permit  the  foreign  matters  to  le- 
parate  from  the  metal.    This  kind  of  boibng  is  continued  about  half 
an  hour,  prolonged  at  the  difcretion  of  the  workman,  if  he  judge 
longer  lime  rcquifite  from  the  quality  of  the  metal.    Once  the  me- 
tal is  fo  cool  as  to  fix,  it  is  fubjedted  to  the  fame  operation,  re- 
peated almoft  in  a  fimilar  manner.     In  this  fecond  operation  the 
workman  is  attentive  to  expofe  the  upper  lurface  of  the  metal  firit 
to  the  influence  ofthe  fire,  and  takes  care  to  turn  the  iron,  fo  that 
the  whole  mafs  may  melt  uniformly.    After  the  mals  melts,  it 
throws  off  ignited  charcoal-dull  and  fcorioe,  forming  whirls  of  fire 
all  over  the  forge.    This  is  fnppofed  to  be  a  true  purification;  of  the 
iron,  which  lafts  about  feven  minutes,  and  the  whole  procefs  con- 
fumes  about  two  hours.    The  next  ftep  is  to  beat  the  iron  with  a 
forge  hammer,  when  a  great  deal  of  fcoi  ite  and  other  impurities  arc 
•xpelled  from  the  metal.    About  350  lbs  are  commonly  prepared 
at  a  time,  and  about  24  tons  of  charcoal  are  allowed  to  the  work- 
men for  every  400  lbs  of  malleable  iron.    By  this  procefs  caft  iron 
is  rendered  fit  for  the  ufe  of  the  blackfmith  ;  and  if  the  fuccefs  has 
been  complete,  the  iron  is  alike  ductile  when  it  is  hot  and  when  it 
is  cold.    But  there  are  two  imperfections  which  frequently  degrade 
the  quality  of  the  metal.    One  is  a  great  degree  of  fragility  when 
hot,  though  it  is  fufficiently  ductile  and  tenacious  when  cold.  The 
other  is  the  converfe  of  this,  ductile  and  tenacious  when  hot,  fragile 
when  cold.     Iron  with  thofe  faults  is  called  by  the  workmen  red 
Jhort  and  cold Jhort  iron  ;  and  that  which  is  cold  (hort  is  accounttd 
the  worft  and  molt  troublefome  fault.    They  feem  fo  far  to  depend 
.upon  the  nature  of  the  ore,  that  a  founder  caunot  always  correct 
them  by  the  mod  dextrous  and  judicious  management.  Faulth-fs 
iron  has  been  long  fought  after  ;  and  of  late  a  method  has  been  dif- 
covered  of  converting  yetlin  into  malleable  iron  with  great  eafe  and 
certainty.    The  improvement  confifts  in  running  call-iron  into  an 
air-furnace,  where  it  is  kept  about  the  confidence  of  wax  by  a  pro- 
per regulation  of  heat.    The  furnace  is  open  at  both  end*,  and  the 
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flame  of  the  fire  blows  over  the  furface  of  the  metal.  The  fide- 
walls  are  perforated  with  round  holes,  through  which  the  workmen 
keep  pockering  the  metal  with  iron  rods.  During  this  operation 
the  iron  is  continually  emitting  a  blue  vapour  ;  the  nature  of  which 
has  not  yet  been  examined  with  care.  There  is  no  violent  ebul- 
lition, nor  any  other  remarkable  appearance  takes  place,  while  the 
converfion  is  going  on,  which  is  thoroughly  completed  in  the  fpace 
of  two  hours  with  a  mals  of  iron  weighing  600  lb.  Tne  malleable 
iron  obtained  at  the  end  of  ihe  procefs  has  all  the  qualities  of  good 
metal,  and  can  be  made  from  pigs  of  all  kinds  ;  which  is  not  the 
■cafe  in  the  o:her  ways  of  working.  Upon  what  principles  the 
change  happens,  is  not  thoroughly  underftood  ;  though  it  feems  fuf- 
ficiently  evident  that  the  effeft  of  heat  is  to  expel  fome  volatile  mat- 
ter from  the  cad-iron,  which  flies  off  under  the  form  of  blue  va- 
pours. 

As  the  erection  and  fupport  of  a  blaft  to  fufe  iron  is  attended 
with  confideiable  expence,  fome  improvers  have  tried  to  melt  down 
the  iron  (tone  by  the  force  of  fuch  a  current  of  air  as  could  be  rai- 
fed  by  the  conftruction  of  the  furnace.  An  attempt  was  lately  made 
near  Edinburgh,  with  great  hopes  of  fuccefs ;  but,  after  the  fire 
had  lafted  for  a  week,  no  fufible  iron  was  procured.  There  was  a 
fmall  quantity  of  malleable  iron  at  the  bottom,  and  a  large  quantity 
of  metallic  matter  remained  in  the  flag.  This  experiment  fhowa, 
that  it  is  more  eafy  to  make  malleable  iron  than  caft  iron.  It  is  pro- 
bable, that,  fome  time  back,  no  other  kiod  of  iron  could  be  made  ; 
and  this  conjecture  is  confirmed  by  the  richnefs  of  the  flags  which 
are  found  near  old  iron-works:  thefe  are  now  wrought  over  again 
in  many  places  with  fufficient  profit.  At  the  furnaces  in  Navarre, 
the  iron  is  not  brought  into  futiou,  but  reduced  from  the  ore  in  a 
kind  of  furnace,  open  at  top,  and  carried  from  that  direftly  to  the 
forge-hammer,  without  the  intervention  of  any  intermediate  procefs. 

Two  feparate  pieces  of  malleable  iron  unite  perfectly  into  one, 
when  made  red-hot  in  the  fire  and  hammered  on  the  anvil.  Tbia 
operation  is  called  'welding,  and  the  heat  requifite  is  called  a  welding 
heat.  It  is  cuitomaty  to  throw  fome  fand  into  the  fire  along  with 
the  iron,  which  vitrefies  the  fcorise,  and  keeps  them  fo  fluid,  that 
they  are  fqueezed  out  with  the  blows  of  the  hammer;  and  thus  the 
clean  furfaces  of  the  heated  iron  are  permitted  to  approach  each 
other.  In  this  way  anchors  for  large  vcffels  are  made,  up  to  the 
weight  of  two  ton.  Soft  iron  is  alfo  ufed  for  the  fabrication  of  the 
{mailed  indruments. 

Although  cad  and  forged  iron  be  both  of  them  extremely  valu- 
able, yet  we  find  deel  poffefs  properties  far  fuperior  to  either.  The 
excellence  of  deel  conlills  chiefly  in  the  great  firmnefs  of  cohefion, 
and  in  the  facility  with  which  it  may  be  tempered  to  any  degree  of 
hardnefs  or  of  foftnefs,  without  having  its  fhength  impaired.  Steel 
of  the  bed  quality  is  prepared  from  the  fined  forged  iron,  by  ce- 
mentation 
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mentation  with  charcoal -du ft  in  a  ftrong  heat.  The  bars  of  iron  are 
imbedded  in  the  charcoal- duft,  which  lies  in  a  (tone- box  raifcd  from 
the  floor  on  trtffels.  Thefe  boxes  are  placed  in  a  kind  of  vaulted 
furnace,  where  a  fire  is  kindled  on  the  floor,  which  plays  round 
them,  and  keeps  them  hot  for  fome  days.  One  end  of  the  box  has 
a  hole  in  it,  at  which  a  bar  can  be  occafionally  taken  out,  to  ob- 
ferve  what  progrefs  has  been  made  in  the  converiion  into  fteel. 
When  that  is  complete,  the  6re  is  allowed  to  decay,  fo  that  the 
boxes  cool  gradually  ;  which  occupies  a  longer  time  than  the  ce- 
mentation did.  In  this  way  forged  iron  is  converted  into  fteel. 
This  mode  of  working  is  the  moft  generally  pradifed,  and  the  moft; 
approved  ;  though  fteel  may  be  alfo  made  diredly  from  crude  iron 
by  fufrng  it  with  certain  mixtures.  Steel  is  accordingly  made  after 
this  way  in  many  parts  in  Germany.  But  it  is  obferved,  that  all 
kinds  of  ores  flo  not  afford  fteel  of  equally  good  quality  ;  fo  that 
the  workmen  call  thole  ores  which  yield  the  belt  fteel,  fteel  ores. 
In  general,  fteel  obtained  by  this  procefs  is  not  fo  good  as  what  is 
made  in  the  ordinary  way;  fo  that  we  muft  be  careful  not  to  con- 
found it  with  that  forf  which  is  called  melted  fteel,  as  this  is  prepared 
by  fufing  fteel  made  from  bar  iron  ;  and  the  fufion  improves  the 
quality,  by  favouring  the  efcape  of  any  heterogeneous  matter,  and 
by  rendering  every  part  of  the  grain  of  an  equally  fine  texture. 

After  the  fteel  is  formed,  it  is  made  to  receive  a  temper,  by  firft 
rendering  it  perfectly  hard,  and  then  reducing  it  to  the  exaft  de- 
gree of  foftnefs  which  the  workman  wilhes  it  to  retain.    When  fteel 
is  made  red-hot  in  the  fire,  and  then  plunged  fuddenly  into  cold  wa- 
ter, it  becomes  fo  exceffively  hard,  that  no  tool  is  able  to  cut  it: 
but  if,  inftead  of  being  inftantly  cooled,  the  fteel  is  allowed  to  lofc 
its  heat  gradually,  it  then  is  found  in  the  oppofite  extreme,  and  is 
perfedly  foft  :   therefore,   by  combining  thefe  effects  in  different 
degrees,  the  fteel  may  be  brought  to  any  temper  the  workman  plea- 
fes.  The  firft  ftep  of  the  procefs  is  to  make  the  fteel  perfectly  hard, 
and  afterwards  to  foften  it  down  to  any  temper  we  choofe.  The 
workman  then  gives  the  fteel  the  hardeft  temper  ;  next  he  returns  it 
back  to  the  fire,  and  gives  it  a  gentle  heat,  if  he  means  the  hard- 
nefs  to  be  but  little  diminifhed  ;  if  he  intends  to  make  it  foft,  he 
allows  it  to  remain  a  longer  time;  and  various  tints  of  colour  which 
heat  n.akes  fteel  to  affume,  enable  the  workman  to  judge  of  the 
temper  with  perfect  exa&nefs.     In  a  gentle  heat,  fteel  acquires  a 
yellow  hue  ;  next  it  becomes  purple  ;  then  blue  ;  and  laft  of  all, 
whitifh  grey,  before  all  (hades  of  colour  vanifh  in  a  red  heat.  When 
the  fteel  is  removed  from  the  fire,  in  the  firft  ftage  it  is  extremely- 
hard  ;  in  the  fecond,  it  is  fit  to  be  formed  into  tools  for  working 
upon  metals  ;  in  the  third,  when  blue,  it  becomes  very  pliant  and 
elaftic,  and  is  of  a  proper  temper  to  make  fprings,  and  to  fabricate 
inftruments  for  cutting  all  forts  of  foft  materials.    A  bar  of  fteel 
may  be  made  to  affume  all  thefe  colours  at  once,  by  placing  one 
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end  In  the  fire  and  Jumping  tlie  other  at  a  diftance.  As  fled  is  the 
only  In  bit  a  nee  from  which  took  can  be  made,  it  is  not  only  highly 
ufeful,  but  it  is  molt  indilpe  nfably  requifite,  in  the  praflice  of  every 
art  ;  and  it  well  deferves  the  name  of  mother  of  the  arts,  which  it 
lias  fo  often  obtaim  d. 

Having  thus  endeavoured  to  exhibit  a  general  view  of  the  manu- 
factures of  iron  through  all  the  fteps  of  the  procefs,  it  will  in  the 
next  place  be  proper  to  attempt  an  invefligation  of  thecaufts  which 
produce  the  difference  between  call  iron,  forged  iron,  and  fleel.  In 
doing  this,  we  (hall  follow  chiefly  the  dodrine  which  M.  Bergman 
delivers,  in  his  Treatife  on  the  Analyfis  of  Iron. 

1  he  firft  obfervation  to  be  made  is,  that  if  there  be  a  piece  of 
each  of  the  three  preparations  of  iron,  diffblved  in  the  vitriolic  acid, 
the  proportion  of  refiduum  left  nndiflblvrd  varies  exceedingly  in 
each  of  them  ;  Cuft  iron  containing  the  largeft  fhare  of  infoluble 
matter,  fteel  the  nex',  and  forged  iron  leaft  of  all;  and  that,  of 
whatever  foreign  matters  the  refiduum  was  compofed,  it  always  con- 
tained a  portion  of  plumbago,  upon  whofe  properties  the  converfioa 
of  calf  iron  into  ftetl  and  malleable  iron  is  to  be  explained.  Pium- 
kago  is,  from  the  lateft  examination,  fuppofed  analogous  to  fulphur 
in  its  compolition,  or  to  be  in  reali'.y  nothing  but  a  fpecies  of  lul- 
phur  ccrrpofed  of  aerial  acid  and  phlogifton  ;  the  aerial  acid  com- 
bining into  a  folid  concrete,  to  form  plumbago,  in  the  fame  way 
as  vitriolic  acid  unites  with  phlogifton  in  the  formation  of  common 
fulphur.  The  proof  of  this  compofition  is  derived  from  the  analyfis 
of  plumbago  by  Mr  Scheele,  who,  in  all  his  experiments,  had  rea- 
fon  to  infer,  that  plumbago  was  a  compound  folcly  of  aerial  acid 
and  phlogiHon,  and  that  it  was  liable  to  a  fimilar  refoluiion  and  re- 
compofition  with  vitriolic  fulphur.  It  is  therefore  probable,  that 
plumbago  will  be  decompofed,  in  all  cafes  where  a  third  fubftance  is 
prefented  to  its  aclion,  which  attradls  the  phlogifton  more  ftrongly 
than  the  aerial  3cid  does;  then  the  plumbago  u  ill  be  decompofed, 
the  aerial  acid  will  cfcape,  and  the  phlogifton  will  attach  itlclf  to 
the  iron,  and  faturate  every  part  of  it  which  was  not  thoroughly 
metaHifcd  before.  Now,  in  a  vaft  variety  of  trials.  M.  Bergman 
conftantly  found,  that  caft  iron  contained  a  large  quantity  of  plum- 
bago ;  fteel,  much  lefs  ;  and  forged  iron,  fcarcely  any.  He  a!fo 
tbund,  that  foiged'iron  contained  he  largeft  fhare  of  phlogifton,  caft 
iron  the  hall,  and  fteel  an  intermediate  quantity.  Here,  then,  we 
perceive,  that  the  fpecies  of  iron  which  contains  the  lorged  fhare  of 
plumbago,  contains  tbe  fmabeft  fhare  of  phlogifton  ;  and  that  the 
fpecies  which  is  fully  enriched  with  phlogifton  is  quite  purged  of 
plumbago.  From  this  circumftance  M.  Bergman  inferf,  that  the 
difference  between  crude  and  forged  iron  confifts  in  the  proportion 
of  phlogifton,  and  in  the  prefence  or  abfence  of  plumbago:  crude  iron 
is  lefs  rich  in  phlogifton,  and  contains  plumbago:  forged  iron  is  fa- 
turated  with  phlogifton,  and  free  from  the  adulteration  of  plumbago, 
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The  internal  change  which  takes  place  in  the  converfion  of  crude 
iron  into  forged  iron,  is  fuppofed  to  arife  from  the  decompofition  of 
the  plumbago.  The  heat,  diminifhing  the  cohefion  of  the  conftitu- 
cnt  parts  of  the  plumbago,  enables  the  phlogifton  to  unite  with  the 
metallic  earth,  and  expels  the  whole  aerial  acid.  Thus  the  plum- 
bago is  decompofed,  and  the  crude  iron  I'upplied  with  a  competent 
(hare  of  phlogifton.  Before  this  decompolition,  the  crude  iron  had 
been  deficient  in  its  quantity  of  phlogifton  ;  in  conftquence  of  it,  it 
is  provided  with  abundance,  and  brought  to  the  fame  point  of  fatti- 
ration  with  malleable  iron  :  fo  that,  according  to  M.  Bergman,  the 
decompofition  of  plumbago,  the  expulfion  of  the  aerial  acid,  and 
the  adhefion  of  the  phlogifton  to  the  impoverished  metal,  changes 
-crude  iron  into  malleable  iron. 

In  the  formation  of  fteel,  this  refolution  is  not  altogether  fo  com- 
plete, though  the  metal  has  loft  part  of  the  plumbago,  and  acquired 
a  larger  fhare  of  phlogifton  ;  for  we  mull  remember,  that  fteel  is  ia 
an  intermediate  ftate  between  call  and  forged  iron.  Experiments, 
by  folution  in  acids,  (how,  that  fteel  contains  more  phlogifton  than 
caft  iron,  but  lefs  plumbago  ;  and,  on  the  contrary,  that  it  contains 
lefs  phlogifton  than  forged  iron  does,  but  more  plumbago.  If, 
therefore,  the  procefs  of  converting  caft  iron  into  fteel  be  (topped  in. 
the  middle,  we  fhall  have  a  fpecies  of  fteel.  Accordingly,  caft  iron 
may  be  converted  into  fteel  by  the  mere  application  of  heat.  But 
as  the  fineft  fteel  is  made  from  forged  iron,  it  maybe  alked,  how  the 
plumbago  is  to  be  found  in  the  iron  which  contains  none  ?  To  fay 
that  it  attracted  plumbago  ready  formed,  where  none  exifted  be- 
fore, would  moft  certainly  be  abfurd  ;  but  to  fqppofe  that  plumbago 
is  regenerated  by  the  union  of  its  integrant  parts,  involves  no  con- 
tradiction. This  is  the  conjecture  employed  to  folve  the  difficulty. 
The  aerial  acid  of  the  charcoal  being  expelled  by  the  force  of  heat, 
combines  with  the  redundant  phlogifton  of  the  forged  iron  ;  and 
this  compoies  plumbago  :  and  the  iron  being  thus  in.  part  robbed 
of  its  phlogifton,  and  at  the  fame  time  furniftied  with  plumbago,  is 
cenverted  into  fteel.  All  the  experiments  upon  iron  correfpond 
with  this  doctrine.  M.  Reaumur  found,  that,  during  the  procefs 
of  foftening  crude  iron,  the  outlide,  which  was  moft  expofed  to  the 
heat,  was  completely  changed  into  the  nature  of  forged  iron  ;  the 
•intermediate  ftratum  wa6  converted  into  fteel,  while  the  more  inter- 
nal part  wa3  not  affected  in  the  leaft. 

Such  is  the  outline  of  M.  Bergman's  doctrine,  which  is  by  far 
the  moft  elegant  and  ingenious  which  has  ever  yet  been  offered  upon 
the  fubject  of  the  conveifion  of  iron  and  fteel  ;  and  as  fuch  defervea 
much  recommendation. 

But  perhaps  M.  Bergman's  invert1  igation  of  the  caufe  of  the  cold 
fliort  quality  of  iron  is  ftill  more  fuccefsfnl.  It  had  long  been  que- 
stioned, whether  this  imperfection  arofe  from  fome  inherent  defect; 
m  the  nature  of  the  metal  itfclf,  or  from  the  admixture  of  fome  he- 
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terogeneoua  fubftance  which  debafed  the  quality.  M.  Bergman  ob- 
ferved,  that  a  folution  of  cold  fliort  iron  in  vitriolic  acid,  largely  di- 
luted with  water,  began  in  the  courfe  of  a  few  hours  to  depofite  a 
white  coloured  fediment  when  the  folution  was  expofed  to  the  ac- 
eefs  of  air.  If  this  fediment  was  collected  before  any  ochry  pre- 
cipitate followed,  it  wasdifcovered  to  poffefs  properties  peculiar  to  it- 
felf.  By  proper  treatment  with  reducing  fluxes,  it  was  convertible 
into  a  new  metal,  totally  diftinct  from  any  metal  hitherto  known. 
To  this  metal  M.Bergman  gave  the  name  of fidernv^  from  its  inti- 
xnate'eonnection  with  iron.  When  any  portion  of  this  fiderum  was 
added  to  pure  malleable  iron,  it  became  cold  fliort  iron;  and  when 
the  white  calx  was  feuirated  from  cold  fliort  iron,  it  then  became 
perfectly  ductile.  He  alfo  tried  the  mixture  of  other  metals  with 
iron,  but  found  that  none  of  them  produced  the  fame  effect.  So  that 
it  clearly  appears,  that  the  cold  fliort  quality  of  iron  is  entirely  owing  to 
the  alloy  of  fiderum.  Theoppofite  quality  of"being  red  fliort  is  not  fo 
eafy  to  explain  :  and  all  we  fliall  obferve  here  is,  that  every  kind  of 
iron  is  fubject  to  a  great  number  of  varieties,  which  it  would  not  be 
proper  to  enter  upon,  as  perhaps  it  would  not  be  eafy  to  fet  the 
whole  in  a  clear  point  of  view. 

Yetlin  diffolved  in  vitriolic  acid  is  of  a  greenifli  colour  fomewhat 
refemblrng  green  glafs,  but  a  good  deal  lighter.  This  acid  attacks 
yetlin  even  in  the  cold  and  without  dilution;  but  the  folution  is  pro- 
moted by  adding  two  or  three  times  its  weight  of  water,  and  by  the 
application  of  a  boiling  beat;  a  good  deal  of  plumbago  remains  un- 
diflblved  at  the  bottom.  When  precipitated  by  the  caultic  volatile 
alkali,  it  gives  a  calx  of  a  very  deep  dark  green  colour,  interfperfed 
with  fome  greyifli  matter.  The  cauftic  fixed  alkali  throws  down  a 
light  green  calx. 

Yetlin  diflblved  in  the  nitrous  acid,  is  of  a  golden  yellowcolour.  Du- 
ring their  action  a  very  copious  ochry-like  matter  precipitates,  which 
is  of  a  brown  red  colour.  This  folution  has  a  very  ftyptic  tafte.  Preci- 
pitated by  the  fixed  alkali,  it  yields  a  reddifli  orange-like  precipitate. 
The  volatile  alkali  throws  down  a  brownifli  matter,  fomewhat  of  a 
yellow  hue. 

The  marine  acid  attacks  yetlin  pretty  violently  :  the  folution  is  of 
a  very  light  green.  During  their  action  the  metal  is  fplit  often  into 
thin  flices,  which  remain  undiffblved.  The  acid  takes  up  a  good 
deal  of  the  metal.  Precipitated  by  the  fixed  alkali,  a  greenifli  matter 
falls,  mixed  with  a  little  greyifh  matter.  The  volatile  alkali  throws 
down  a  deep  jjreen  calx.  Almoft  all  the  fixed  air  of  the  mild  fixed 
alkali  was  abforbed,  fcarcely  any  eflervefcence  being  raifed. 

The  action  of  the  vitriolic  acid  upon  fteel  is  not  fo  violent  as  upon 
yetlin  ;  but  is  increafed  by  dilution  and  a  boiling  heat.  The  folu- 
tion hero  is  more  complete,  but  a  fmall  quantity  flill  remains  undif- 
folved.  It  is  of  a  clearer  colour  than  that  of  yetlin.  Precipitated 
by  the  caultic  fixed  alkali,  a  green  calx  is  thrown  down;  and  by  the 
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volatile,  an  extremely  deep  green  one,  when  viewed  In  the  light  ;  but 
when  removed  from  the  light,  it  appears  tainted  of  a  dark  blue. 

Steel  is  more  foluble  in  the  nitrous  acid  than  yetlin  is.  The  folution 
is  of  a  yellow  citron  colour,  fomewhat  inclining  to  red.  A  fmall  quan- 
tity of  plumbago  remains,  of  a  blackifh  colour,  as  it  is  in  the  other 
two  acids.  Precipitated  by  thecauftic  fixed  alkali,  a  yellowifh  citron- 
coloured  matter  is  feparated.  The  volatile  alkali  precipitates  it  of 
a  brownifh  red. 

Steel  is  not  fo  eafily  afted  upon  by  marine  acid  as  yetlin  is.  The 
folution  is  of  a  lighter  yellow  than  that  of  yetlin  in  the  nitrous  acid. 
The  fteel  is  likewife  fometimes  fplit  into  pieces,  and  there  remains 
a  good  deal  of  a  blackifh  brown  matter  undiffolved.  The  cauftic 
fixed  alkali  precipitates  this  folution  of  a  mod  beautiful  orange,  and 
at  the  fame  time  heightens  the  colour  of  the  liquor.  The  volatile 
alkali  caufes  a  very  dark  brown  precipitate,  and  the  fupernatant  li- 
quor is  colourlefs. 

Forged  iron  is  the  moft  foluble  of  the  three  kinds  of  iron  in  vitri- 
olic acid;  leaves  fcarcely  anything  undiffolved,  and  its  folution  is  of 
the  colour  of  that  of  ordinary  green  vitriol.  It  is  not  readily  acted 
upon  by  the  acid  till  it  be  properly  diluted.  When  precipitated  by 
the  cauftic  fixed  alkali,  it  gives  an  elegant  green  precipitate.  The  vo- 
latile alkali  gives  a  copious  calx,  fo  green  that  it  is  alraoft  black: 
fometimes  a  whitifh  grey  matter  falls,  which  mixes  with  the  green, 
and  renders  the  whole  of  a  faint  blue  tint. 

Forged  iron  in  the  nitrous  acid  is  ©fa  deeper  and  more  ochry  yel- 
low colour  than  fteel  in  the  fame  acid.  It  differs  from  that  of  yet- 
lin, in  its  fediment  being  of  a  brownifh  ochry  colour,  without  any 
appearance  of  red.  Precipitated  by  the  cauftic  fixed  alkali,  it  gives 
a  matter  of  a  pretty  orange  yellow,  which  is  at  firft  prefently  taken 
up,  but  by  farther  addition  is  again  thrown  down.  The  volatile 
cauftic  alkali  throws  down  a  feemingly  more  copious  calx,  which 
upon  repofe  turned  out  of  four  different  colours:  the  undermoft 
part  was  of  a  brown  colour,  fomewhat  like  the  ochry  fediment;  the 
next  above  it, black;  the  next,  like  the  depofition  in  the  yetlin  folu- 
tion ;  and  the  uppermoft,  a  dark  brownifh  red. 

Forged  iron  diffolves  very  well  in  the  muriatic  acid.  The  folu- 
tion is  of  a  very  light  green  colour,  inclining  a  little  to  yellow:  a 
brown, fti  matter  in  fmall  quantity  remains  undiffolved.  The  folution 
recipitated  by  volatile  cauftic  alkali  gives  a  calx  almoft  wholly  refem- 
bling  that  feparated  from  the  vitriolic  folution,  but  is  rather  bluer. 
Thecauftic  fixed  alkali  gives  upon  repofe  a  deep  green  which  inclines 
to  black  :  a  greenifti  yellow  matter  floats  fometimes  a-top. 

All  thefe  appearances  are  found  to  vary  from  the  quality  of  the 
metal,  and  from  the  nature  and  purity  of  the  acids  and  alkalis  em- 
ployed. All  the  precipitates  of  the  different  kinds  of  iron  yield 
upon  reduaion  malleable  iron,  and  not  the  fame  kind  of  metal  which 
was  employed  in  folution. 

LEC- 
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LECTURE  XXXIX. 
Species  1 2.  Copper. 

COPPER  is  an  imperfect  metal,  of  a  brilliant  enough 
red  colour,  called  by  the  alchemifts  Venus.  It  has 
a  difagreeable  fmell,  perceptible  upon  friction  or  bring 
heated  :  its  tafte  is  ftyptic  and  naufcous,  lefs  fenfible, 
however,  than  that  of  iron.  It  is  hard,  very  elaftic,  and 
fonorous.  It  poffefles  a  very  great  degree  of  ductility.  It 
is  made  into  very  thin  plates  and  wire  of  great  length. 
It  Iofes  about  one -eighth  or  one-ninth  of  its  weight  in 
the  hydroftatic  balance.  It  has  fo  vafl  a  tenacity,  that 
a  thread  of  it  a  tenth  of  an  inch  in  diameter,  is  capable 
of  fupporting  two  hundred  and  ninety  nine  and  a  half 
pounds  weight  before  it  break.  Its  fracture  feems  to 
be  compofed  of  fmall  grains.  It  is  fufceptible  of  a  re- 
gular form.  M.  l'Abbe  Mongcz  defines  its  cryftals  to 
be  quadrangular  pyramids,  fometimes  folid,  and  fome- 
times  compofed  of  other  fmall  ones  adhering  laterally. 

In  the  earth,  copper  is  found  in  different  Mates.  Its 
ores  are  very  numerous,  and  may  be  all  referred  to  the 
following. 

1.  Native  copper,  of  a  red  colour,  malleable,  and 
poffefiing  all  the  properties  of  this  metal.  It  is  diftin- 
guilhed  into  two  kinds  ;  copper  of  the  firft  formation, 
and  copper  of  the  fecond  formation  or  of  cementa- 
tion. Copper  of  the  firft  formation  is  difperfed  in  la- 
minae or  filaments  in  a  matrix  almoft  always  quartzy. 
There  are  fpecimens  of  it  whofe  cryftals  imitate  a  kind 
of  vegetation  :  others  are  in  a  mafs  and  in  grains.  The 
copper  of  cementation  is  generally  in  grains  or  laminae, 
fuperficially  lying  upon  ftones  or  iron.  This  laft  feems 
to  have  been  depofited  in  water  charged  with  vitriol 
of  copper  and  precipitated  by  iron.  Native  copper  is 
found  in  feveral  parts  of  Europe  ;  at  Saint-Bel  in  Lyon- 
nois,  at  Norberg  in  Sweden,  at  Neufol  in  Hungary,- and 
in  feveral  countries  in  America. 

2.  Red 
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2.  Red  copper:  It  is  diftinguimable  by  its  red  dull 
colour,  refembling  that  of  the  fcales  wnich  are  detached 
from  copper  reddened  by  the  fire  when  it  is  ftruck  with 
a  hammer.  M.  Monnet  confidered  this  ore  as  a  natural 
calx  of  copper.  It  is  generally  mixed  with  native  cop- 
per and  mountain  green.  It  is  very  rare,  fometimes 
cryftallifed  in  o&agons  or  filky  fibres,  called  jlowers  of 
copper. 

3.  Earthy  copper,  mountain  green,  or  green  chry- 
focolla.  This  ore  is  a  true  ochre  of  copper,  of  a  more 
or  lefs  dull  green,  very  light,  unequally  diftributed  in 
the  matrix.  It  is  fometimes  very  pure.  Three  varie- 
ties of  it  are  reckoned. 

1 .  Simple  mountain  green,  earthy  or  impure. 

2.  Mountain  green  cryftallifed,  or  filky  copper  of 
China.  This  kind,  which  is  very  common  in 
Yofges  and  at  Hartz,  is  alio  found  in  China :  it 
is  very  pure,  and  cryftallifed  in  long  filky  very 
folid  bundles. 

g.  Mountain  green,  in  ftalacYites  or  malachite.  This 
fubftance,  which  is  very  frequently  found  in  Si- 
beria, is  compofed  of  layers,  which  reprefent 
greater  or  fmaller  nipples  :  fome  fpecimens  are 
formed  of  needles,  converging  to  a  common 
centre.  The  different  layers  have  not  the  fame 
{hades  of  green.  Malachite  is  fufficiently  hard 
to  receive  a  very  fine  polifh.  It  is  therefore  ufed 
for  making  different  toys. 

4.  Mountain  blue,  or  blue  chryfocolla.  This  is  a 
calx  of  copper  of  a  deep  blue  colour  :  it  is  fometimes 
of  a  regular  form,  and  in  prifmatic  rhomboidal  chry- 
ftals  of  a  beautiful  blue.  In  this  (tate  it  is  called  azure 
topper  :  at  other  times  it  prefents  fmall  grains,  depofited 
in  the  cavities  of  different  matrixes,  and  particularly 
in  quartz.  For  the  moft  part  it  is  in  layers,  lying  fu- 
prrficially  in  the  cavities  of  grey  and  yellow  ores  01 
copper.  It  appears  that  all  thefe  ores  of  copper  have 
been  precipitated  from  vitriolic  folutions  of  copper  by 
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means  of  calcareous  earths,  acrofs  which  thefe  waters 
run.  M.  Sage  confiders  thefe  blue  ores  of  copper  as 
combinations  of  copper  with  the  volatile  alkali :  and  he 
fays  that  they  differ  only  in  infolubility.  He  believes 
that  malachite  is  only  an  alteration  of  this  blue,  which 
he  calls  azure  tranfparent  ore  of  copper. 

5.  Copper  united  with  fulphur :  yellow  ore  of  cop- 
per, or  coppery  pyrites  ;  for  the  naturalifts  ufe  this 
name  indifcriminately  :  however,  the  miners  ufe  to  call 
ores  of  copper,  all  the  fpecimens  of  copper  united 
with  fulphur  which  are  rich  enough  in  metal  to  be 
fmelted  with  advantage ;  and  they  referve  the  name  of 
pyrites  for  the  fpecimens  containing  a  great  quantity  of 
fulphur  and  little  metal.  The  rich  ores  of  copper  are 
generally  of  a  brilliant  yellow,  inclining  more  or  lefs  to 
red  or  green.  In  the  earth  they  form  fometimes  con- 
siderable ftrata.  Oftentimes  this  copper  is  mafly  and 
dull ;  frequently  fcaly  and  micaceous.  This  is  the  form 
of  the  ores  of  copper  from  Denmark,  Norway,  Swe- 
den, and  Sainte-Marie-aux-Mines.  At  other  times 
this  ore  is  fcattered  up  and  down  in  its  matrix,  as  the 
copper  of  Alface  :  it  is  then  called  tyger  ore  of  cop- 
per. This  variety  is  mixed  with  a  little  azure.  Fre- 
quently copper  ores  prefent  at  their  furface  very  bril- 
liant blue  or  violet  colours,  which  are  owing  to  the  de- 
compofition  of  their  principles.  If  thefe  colours  are  only 
at  their  furface,  they  get  the  name  of  copper  cats-eye,  a- 
zure,  or  peacock- coloured  ores  ;  but  if  the  colour  penetrates 
deeper  into  the  heart,  they  are  called  white  or  violet  vi- 
treous copper  ores.  They  contain  generally  a  large  quan- 
tity of  fulphur,  a  little  iron,  and  are  not  very  rich  in 
copper.  When  thefe  kinds  of  ores  are  only  fuperfi- 
cially  fcattered  upon  their  matrix,  they  are  called  pyrites: 
thefe  are  the  Derby  ores  in  England,  lbme  of  thofe  of 
Saint-Bel  in  Lyonnois,  and  feveral  ores  of  Alface,  as 
thofe  of  Caulenbach  and  Feldens ;  befides,  they  are 
found  adhering  to  all  forts  of  matrices,  to  rock  cryftal, 
quartz,  fpar,  fchiftus,  mica,  &c. 
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6.  Grey  copper  ore,  or  Fahlertz  of  the  Germans,  is 
a  combination  of  fulphur  and  arfenic  with  copper,  iron, 
and  filver.  It  greatly  refembles  the  grey  ore  of  filver : 
it  is  only  a  little  lefs  brilliant,  and  really  differs  from  it 
only  in  containing  lefs  filver  than  it  does.  M.  Rome  de 
Lifle  alfo  diftinguifhes  a  white  ore  of  filver,  which  he 
fays  contains  a  fmall  portion  of  filver  more  than  the 
grey  j  but  this  is  a  true  ore  of  filver. 

7.  The  hepatic  or  brown  ore  of  copper.  This  is  a 
Combination  of  iron,  fulphur,  and  copper.  M.  Rome 
4e  Lifle  confiders  it  as  a  changed  grey  copper  ore, 
which  has  parted  with  the  arfenic  and  a  part  of  its  ful- 
phur. He  obferves,  that  we  muft  diftinguifh  it  well 
from  the  falfe  hepatic  copper  ore  ;  which  he  fays  is  no- 
thing elfe  than,  a  brown  iron  ore,  and  contains  almoi'fc 
no  copper. 

8.  Ore  of  copper,  black  or  of  a  dirty  colour.  M. 
Gellert  calls  it  ore  of  copper  in  fcor'ia.  It  is  a  refiduum  of 
the  decompofition  of  the  yellow  and  grey  ores  of  cop- 
per, which  contain  neither  fulphur  nor  arfenic,  and 
approach  to  the  (late  of  malachite. 

In  eflaying  a  copper  ore,  after  its  being  pounded  and 
warned,  it  muft  be  long  and  ftrongly  roafted,  and  then, 
fufed  with  four  times  its  weight  of  black  flux  and  fomc 
marine  fait.  A  button  of  metal  is  found,  which  is  fre- 
quently ftill  blackened  by  a  little  adhering  fulphur :  it 
is  fufed  with  four  parts  of  lead,  and  fubjefted  to  cupel- 
lation,  to  feparate  the  filver  and  gold,  as  there  is  but 
little  copper  which  does  not  contain  a  certain  quantity 
of  thefe  precious  metals. 

In  ^he  great  copper-works  the  ores  are  pounded  and 
wafhed  :  after  that,  they  are  roafted  at  firft  in  the  open 
air,  and  almoft  without  fuel  \  for  as  foon  as  the  ful- 
phur which  they  contain  begins  to  kindle,  it  continues 
to  burn  of  itfelf.  When  it  is  extinguished,  the  ore  is 
roafted  afrefli  once  and  again  along  with  wood  :  after 
which  it  is  fufed  acrofs  coals,  to  get  what  is  called  the 
impure  copper. 

This 
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This  ore  as  yet  has  loft  only  a  portion  of  its  ful- 
phur.  The  fufion  it  is  fubjeded  to,  is  intended  to 
give  the  metal  new  furfaces,  in  order  to  facilitate  its 
roafting.  It  is  fubjecled  to  fix  or  feven  roaflings,  ac- 
cording to  the  quantity  of  fulphur  contained,  and  i  i 
then  fufed  to  obtain  the  blaxk  copper.  This  copper  is 
malleable  :  it  is  however  (till  combined  with  a  little  ful- 
phur, which  is  feparated  in  obtaining  the  perfect  me- 
tals which  it  contains.  The  black  copper  is  fufed  with 
three  times  as  much  black  flux,  which  is  called  the  re- 
duction of  the  copper;  and  this  mixture  is  moulded  into 
the  form  of  loaves,  called  loaves  of  liquation. 

Thefe  are  placed  upon  two  plates  of  iron,  placed  in 
fuch  a  way  that  they  leave  a  furrow  between  them. 
Thefe  plates  terminate  the  top  of  the  furnace  of  liqua- 
tion, whofe  bottom  is  inclined  towards  the  fore-part. 
The  fire,  placed  below  the  plates,  heats  the  loaves  : 
the  lead  fufes,  and  falls  through  the  coals,  carrying 
along  the  filver  and  gold,  which  have  more  affinity 
with  it  than  they  have  with  the  copper.  After  this 
operation,  which  is  called  liquation,  the  loaves  are 
found  confiderably  diminiflied,  and  all  deformed.  They 
are  expofed  to  a  ftronger  fire,  fo  violent  as  to  com- 
mence the  fufion  of  the  copper,  in  order  to  feparate  all 
the  lead  exactly.  This  third  operation  is  called  rejfuage. 
The  lead,  charged  with  the  perfect  metals,  then  under- 
goes cupellation.  With  refpect  to  the  copper,  it  is  re- 
fined by  fufion  in  a  crucible  ;  in  which  it  is  left  till  all 
the  heterogeneous  matter  it  contains  is  feparated  from 
it  in  the  form  of  fcum.  It  is  tried  by  immerfing  iron 
roads  into  it,  which  are  thus  covered  with  a  little  cop- 
per ;  and  its  purity  is  judged  of  according  to  its  more 
or  lefs  brilliant  red  colour.  The  refined  copper  is  run 
into  plates,  or  feparated  into  en  rofrttes.  For  this  la(t 
purpofe,  the  fcorise  which  cover  the  copper  in  fufion 
are  carefully  removed  :  then  the  furface  of  the  metal  is 
allowed  to  fix.  When  it  ceafes  to  be  fluid,  a  moid 
befom  is  applied  above ;  the  ampreflion  of  the  cold 
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makes  it  contract;  the  portion  which  congeals  detaches 
itfelf  not  only  from  the  fides  of  the  crucible,  but  from 
the  reft  of  the  fufed  metal,  and  is  lifted  off  with  pin- 
cers. Thus  the  greateft  parr  of  the  copper  contained 
in  rhe  crucible  is  converted  into  en  rdfettes.  The  por- 
tion which  remains  at  the  bottom  is  called  the  king. 

The  pyrites  of  copper  which  contain  little  metal,  are 
fmelted  only  in  order  to  extract  the  fulphur  and  vitriol. 
They  are  roafted  and  diftilled  for  the  feparation  of  the 
fulphur.  During  the  roafting,  a  portion  of  vitriolic 
acid  afts  upon  the  metal,  difiolves  it,  and  begins  to 
form  vitriol.  The  roafted  pyrites  are  then  expofed  to 
the  air ;  and  when  the  vitriolifation  is  finilhed,  the  ef- 
florefcent  pyrites  are  warned,  the  ley  nitrated ;  and  by 
evaporation  and  cryftallifation,  a  blue  rhomboidal  fait 
is  obtained,  called  vitriol  of  copper,  blue  vitriol,  blue 
copperas,  or  Cyprian  vitriol.  It  ihall  be  taken  notice  of 
when  we  are  examining  the  combinations  of  this  metal. 

Copper  expofed  to  the  fire  affumes  colour  in  the 
fame  manner  as  Heel  does :  it  becomes  blue,  yellow, 
and  at  laft  violet.  It  does  not  fufe  till  it  is  very  red. 
When  it  is  in  proper  fufion,  it  feems  to  be  covered 
with  a  green  flame :  it  boils,  and  can  be  volatilifed,  as 
is  obferved  in  founders  chimneys.  Flowers  of  copper 
are  alfo  found  in  the  crucibles  in  which  it  is  fufed.  If 
this  metal,  in  fine  powder,  is  thrown  acrofs  flames,  it 
gives  them  a  blue  and  green  colour.  On  account  of 
this  property,  it  is  ufed  in  fire-works.  If  this  metal, 
when  fufed,  is  allowed  to  cool  flowly,  and  if,  when  the 
furface  has  become  fixed,  the  ftill  fluid  portion  is  de- 
canted oft,  that  part  which  ftill  adheres  to  the  fides  of 
the  crucible,  or  of  the  veffcl  employed  in  this  experi- 
ment, is  found  to  be  cryftallifed  in  form  of  pyramids  ; 
which  are  Co  much  the  larger  and  more  regular,  accor- 
ding to  the  more  complete  fufion  of  the  metal,  and  the 
management  of  its  cooling. 

The  furface  of  copper  which  is  heated  with  the  con- 
2  courfe 
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courfe  of  the  air,  burns  and  is  changed  into  a  calx  of 
blaekifh  red. 

This  calx  is  eafily  obtained,  by  reddening  a  copper 
plate,  and  then  ftriking  it  with  a  hammer :  it  falls  olf 
in  the  form  of  icaies.  The  fame  thing  happens  if,  after 
it  has  been  made  red,  it  is  immerfed  in  cold  water :  the 
fudden  contraction  of  the  parts  of  the  metal  facilitates 
the  feparation  of  the  calx  covering  the  furface.  T  his 
calx  falls  to  the  bottom  of  the  water,  and  is  called 
J'cales  of  copper.  As  this  calx  is  not  perfectly  burnt,  it 
may  be  calcined  afrefli  under  a  muffle  :  it  then  afTumes 
a  very  deep  brown  red  colour  :  urged  with  a  violent 
fire,  it  fuies  into  a  blackifli  or  brown  chelhut  glals. 
The  calx  of  copper  may  be  decompofed  and  deprived 
of  the  air,  which  changed  its  metallic  properties  by 
means  of  the  vegetable  or  animal  combuftible  bodies. 
The  fcales  are  in  part  reducible  per  fe>  fince  the  found- 
ers, who  purchafe  them  from  the  braziers,  think  it 
fufKcient  to  throw  them  intojgreat  crucibles  upon  melted 
copper,  with  which  they  enter  into  fufion  and  incorpo- 
rate.   They  do  the  fame  with  the  filings. 

The  air  acts  upon  copper  the  more  eafily  when  it  is 
moid  and  altered  :  it  is  converted  into  a  ruft  or  green 
calx,  which  feems  to  have  fome  faline  qualities ;  for  it 
has  tafte,  and  is  diffolved  by  water :  on  this  account 
the  ancient  chemifts  admitted  a  fait  in  copper.  In 
this  ruft  -it  is  remarkable,  that  no  part  but  the  fur- 
face  is  attacked  ;  and  it  feems  even  to  ferve  for  the  pre- 
fervation  of  the  interior  parts  of  this  metal,  as  we  may 
learn  from  the  ancient  medals  and  ftatues,  which  are 
very  well  preferved  under  the  coat  of  ruft  which  covers 
them.  The  antiquaries  call  this  cruft  pat ine  ;  and  value 
it  greatly,  becaufe  it  attefts  the  antiquity  of  the  pieces 
which  it  covers. 

Water  does  not  appear  to  attack  copper  unlefs  it  be 
converted  into  vapour :  for  this  reafon  it  is  more  dan- 
gerous to  allow  liquors  to  cool  in  copper  veffels,  than 
to  boil  them  in  them  j  becaufe,  as  >f>ng  as  the  liquor  is 
i  f  boiling 
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boiling  and  the  veflfcl  hot,  the  aqueous  vapour  does  not 
attack  its  furface  :  it  is  quite  the  reverfe  when  the  vef- 
fel  is  cold. 

Copper  does  not  unite  with  the  earthy  matters  :  its 
calx  facilitates  their  fufion,  and  forms  with  them  green- 
Hh  glafles. 

Lime  and  magnefia  have  no  remarkable  action  upon 
copper;  atleaftthe  alterations  occafioned  by  them  have 
not  been  much  attended  to. 

The  cauftic  fixed  alkalis,  digefted  in  the  cold  with 
copper-filings,  in  a  little  time  affume  a  very  flight  blue 
colour :  the  copper  is  colored  with  a  powder  of  the 
fame  colour.  Thefe  folimons  are  affected  more  eafily 
in  the  cold  than  with  heat,  according  to  M.  Monnet. 
t  is  effential,  however,  to  obferve,  that  this  chemift 
:ried  thefe  combinations  with  mild  alkali,  and  not  pure 
fixed  alkali :  this  furely  would  have  had  a  much  greater 
action  upon  the  copper. 

The  volatile  alkali  diffolves  this  metal  more  ra- 
bidly. ^This  fait,  digefted  upon  filings  of  copper,  in  a 
:ew  hours  gets  a  deep  blue  colour ;  it  diffolves,  how- 
ever, but  very  little  of  it.  I  obferved  the  phenomena 
Df  this  folution  during  a  whole  year.  Into  a  fmall  vef- 
el  I  put  fome  volatile  cauftic  alkali  upon  copper  fl- 
ings :  in  a  few  months,  the  .furface  of  the  metal 
was  covered  with  a  blue  calx  ;  the  fides  of  the  vef- 
el  were  covered  with  a  pale  blue  calx ;  and  the  lower 
3art  of  the  veffel,  which  contained  the  copper,  prefent- 
id  at  the  furface  of  the  glafs  a  brown  calx,  the  top  of 
which  was  yellowifh.  This  liquor  entirely  lofes  its 
:olour  when  it  is  fhut  up  :  take  out  the  cork,  and  it 
ippears :  it  exhibits  this  phenomenon  in  a  very  re- 
narkable  degree  only  at  the  beginning,  and  when  it 
s  decanted  off  from  above  the  copper.  If  the  folution 
s  old,  and  ftill  contains  copper,  its  colour  is  a  fine 
)lue,  although  in  clofe*»veiIels ;  however,  upon  expo- 
fure  to  air,  it  is  much  deeper.  When  this  folution  is 
flowly  evaporated  by  means  of  fire,  the  greateft  part  of 
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the  volatile  alkali  is  diffipated  ;  a  portion  remains  fixed 
with  the  calx  of  the  metal,  and  is  depofited  in  foft  cry- 
ftals,  as  M.  Monnet  has  obferved.    M.  Sage  fays,  that 
very  fine  cryftals  may  be  obtained  from  it  by  a  flow 
evaporation  ;  he  compares  them  to  the  natural  azure 
copper.    However,  this  lad  does  not  give  volatile  al-j 
kali.    When  it  is  heated,  it  is  not  foluble  in  water;  isi 
not  efflorelcent  with  the  air,  as  that  is  which  is  prepa- 
red by  art.    M.  Baume  fays,  that  this  compound  forms 
very  brilliant  and  beautiful  blue ,  cryllals.    This  folu- 
tion,  expofed  to  the  air,  dries  very  quickly,  and  leaves 
a  matter  of  a  grafs-green  hue,,  which  is  juft  a  calx  ofb 
copper.    M.  Sage  is  of  opinion  that  it  is  the  origin  of 
malachite.    If  an  acid  is  poured  into  a  folution  of  cop-1 
per  by  the  volatile  alkali,  no  precipitate  forms  ;  but  the 
blue  colour  totally  difappears,  and  is  changed  into  a  very 
flight  pale  green.    This  phenomenon,  which  has  been 
taken  notice  of  by  Meffrs  Pott  and  Monnet,  (hows  that 
there  is  only  very  little  calx  of  copper  in  the  volatile  al- 
kali ;  and  that  it  is  rediffolved  by  the  acid,  or  by  the 
ammoniacal  fait  formed  by  the  addition  of  the  acid. 
The  blue  colour,  however,  may  be  reproduced  by  the 
addition  of  fome  volatile  alkali  to  the  mixture.  The 
calx  of  copper  made  by  means  of  fire,  and  all  the  other 
calces  of  this  metal,  are  prcfently  dilfolved  in  the  pure 
volatile  alkali,  which  by  this  procefs  may  be  impregnated 
with  a  good  quantity  of  metal.    It  quickly  alfumes  the 
moft  beautiful  blue  colour ;  and  on  that  account  is  re- 
commended as  a  tefl  to  dilcover  the  fmallett  portion  of 
copper  in  all  the  matters  in  which  it  is  fufpecled  *. 

The 

*  The  changes  of  colour  which  the  folution  of  copper  exhibits 
from  the  admifiion  or  exclufion  of  air,  has  attracted  much  notice 
from  chemifts  on  account  of  the  beautiful  appearance  of  the  pheno- 
menon. M.  Bergman  fnppofes,  that  the  colour  of  the  folution  is 
intimately  connected  with  the  quantity  of  phlogilton  which  the  cop- 
per contains;  and  that  the  only  effed  of  admitting  atmofpheric  air 
is  to  carry  off  a  portion  of  phlogifton  from  the  metal :  For  it  is  to 
be  obferved,  that  if  fome  filings  of  copper  be  put  into  a  phial  full  of 
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.  The  vitriolic  acid  does  not  a&  on  copper,  unlets  con- 
centrated and  boiling.    In  the  time  of  the  folution,  a 
i  great  quantity  of  fulphureous  gas  flies  off.    When  it  is 
over,  a  brown  thickifh  matter  is  found,  which  contains 
the  calx  of  copper  and  a  portion  of  this  calx  combi- 
ned with  vitriolic  acid.    By  ablution  and  filtration,  a 
I  blue  folution  is  obtained;  if  it  is  evaporated  to  a  certain 
:  degree,  and  left  to  cool,  it  furnifhes  long  rhomboidal  cry- 
L  flats  of  a  beautiful  blue  colour,  called  vitriol  of  copper. 
I  If,  inftead  of  evaporating  this  folution,  it  is  expofed  a 
long  time  to  the  air,  it  affords  cryftals  ;  but  a  green  calx 
is  precipitated,  a  colour  which  all  the  calces  of  copper 
'affume  when  formed  or  dried  by  the  air  *.   The  vitriol 
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volatile  alkali,  and  fo  cloftly  corked  as  to  exclude  trie  accefs  of  air, 
no  folution  will  take  place  ;  becaufe  volatile  alkali  cannot  diflblve 
copper  perfectly  faturated  with  phlogifton  ;  and  the  phlogifton  in 
this  cafe  has  no  poffible  means  of  efcape,  for  want  of  the  vehicle 
which  air  furniflies.  But  if  a  fmall  quantity  of  air  be  included  in 
the  veflel  along  with  the  volatile  alkali  and  copper,  a  folution  is 
made,  which  proves  entirely  colourlefs  ;  but  if  the  air  gains  free  ad- 
miffion,  the  folution  becomes  of  a  deep  rich  blue  colour.  We  have 
lit  in  our  power  to  deftroy  this  colour,  by  adding  more  copper  and 
lagain  excluding  the  air:  and-we  mult  here  remark,  that  the  exclu- 
sion of  air  alone  does  not  feem  fufficient  to  deprive  the  folution  of 
all  colour  ;  at  lead  M.  Waffenberg  kept  fome  of  it,  hermetically 
fcaled  in  a  ghfs  tube,  for  nine  months  together,  without  being  able 
to  perceive  any  alteration.  The  explanation  which  M.  Bergman 
loffers  of  this  change  is,  that  the  air,  depriving  the  metal  of  phlo- 
gifton, reduces  it  more  completely  to  the  ftate  of  a  calx,  which  ex- 
hibits a  blue  colour  ;  that  when  only  a  fmall  quantity  of  air  is  ad- 
mitted, the  metal,  being  but  partially  robbed  of  phlogifton,  gives  a 
colourlefs  folution  ;  and  that  when  a  deep-coloured  folution  is  clofe- 
ly  fhut  uji  with  fome  frefh  filings  of  copper,  the  folution  becomes 
colourleffi,  becaufe  the  volatile  alkali  is  capable  of  diflblving  a  larger 
proportion  of  copper  when  the  metal  contains  more  phlogifton  ; 
therefore  the  volatile  alkali  attacks  the  metallic  copper,  which  du- 
ring folution  parts  with  a  (hare  of  redundant  phlogifton  to  what  was 
more  calcined  by  the  aftion  of  air  ;  and  thu3  reduces  the  whole  to 
that  degree  of  calcination  which  gives  an  uncoloured  folution. 

*  Blue  vitriol  is  feldom  formed  by  diflblving  copper  direftly  in 
the  vitriolic  acid.  The  blue  vitriol  of  the  (hops  ia  rooftly  obtained 
from  copper  pyrites.    It  may  alfo  be  made  by  ftratifying  plates  of 
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of  copper  has  a  very  ftrong  ftyptic  taftr,  approaching 
to  caufticity.  When  it  is  expofed  to  the  fire,  it  fufes' 
very  quickly  j  it  loles  its  water  of  cryftallization,  and 
becomes  of  a  blueifli  white.  A  very  ftrong  heat  is  re- 1 
quired  for  the  feparation  of  its  vitriolic  acid,  which  ad- 
heres much  more  ftrongly  to  copper  than  to  iron.  The 
vitriol  of  copper  is  decompofed  by  magnefia  and  lime: 
the  precipitate  formed  by  thefe  two  fubftances  is  of  a 
blueifli  white :  if  it  is  dried  in  the  air,  it  becomes 
green  ;  on  this  account  fome  chemifts  fay,  that  the  pre- 
cipitates of  vitriol  of  copper  are  green.  Abfolutely  the 
fame  thing  takes  place  with  regard  to  thofe  obtained  by 
the  fixed  alkalis  in  different  {fates :  they  are  at  firffc 
blueifli,  and  a  flu  me  a  green  colour  upon  drying-:  it  is 
thus  perhaps  that  mountain-green  is  formed.  It  is  ef- 
fential  to  obferve,  that  when  the  vitriol  of  copper  is 
precipitated  by  the  folution  of  mild  alkali,  no  effervef- 
cenee  is  excited  ;  which  fliows  that  the  aerial  acid  com- 
bines very  well  with  the  calx  of  copper  ;  a  phenomenon 
which  all  metallic  folutions  do  not  exhibit.  The  vola- 
tile alkali  liktwife  precipitates  the  folution  of  vitriol  of 
copper  of  a  blueifli  white  colour  ;  but  the  mixture  very 
foon  puts  on  a  very  deep  blue,  becaufe  the  volatile  al- 
kali diffolves  a  portion  of  the  copper  precipitated  :  it 
alio  requires  but  very  little  of  this  fait  to  diffolve  all  the: 
calx  of  copper  feparated  from  the  vitriolic  acid. 

The  nitrous  acid  diffolves  copper  in  the  cold  with  ra- 
pidity. A  great  quantity  of  fmoking  nitrous  gas  flies 
off.  It  is  the  way  which  Dr  Prieftley  ufed  to  get  this, 
gas  in  a  very  ftrong  flate.  A  portion  of  this  metal,  re- 
duced to  the  ftate  of  a  calx,  is  precipitated  in  form  of 
a  brown  powder:'  it  is  feparated  by  filtration.  The  fo- 
lution, filtrated,  is  of  a  much  deeper  blue  than  that  by 
the  variolic  acid  ;  which  fliows  that  the  copper  is  more 

calcined. 

copper  with  fulphur,  and  cementing  them  together  for  fome  time  ; 
when  the  vitriolic  acid  of  the  fulphur,  being  difengaged,  attacks 
and  corrodes  the  copper,  forming  a  metallic  fait,  which,  by  the  af<- 
afioQ  or  waltr,  yields  perfect  cryltals  of  blue  vitriol. 
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I  calcined.    If  it  is  evaporated  with  precaution,  it  cry- 
ftallizes  by  cooling.    M.  Macquer  is  one  of  the  ftrft 
,  cheniiils  who  have  taken  notice  of  this  property,  in  his 
memoir  upon  the  folubility  of  falts  in  fpirit  of  wine.  If 
|  its  crvftals  are  very  flowly  formed,  they  prefent  elonga- 
|:  ted  parallelograms  :  if  they  are  depofited  more  quickly, 
[  they  are  hexaedral  prifms,  whofe  point  is  obtufe  and  ir- 
[  regular  ;  and  they  imitate  bundles  of  diverging  needles. 
L  And,  laftly,  if  the  folution  is  very  ftrongly  evaporated, 
it  forms  a  mafs  deftitute  of  any  regular  form  :  this  has 
undoubtedly  been  the  reafon  why  fome  chemifts  have 
i  faid,  that  this  folution  was  incapable  of  cryftallization. 
I  Nitrous  copper  is  of  a  very  bright  blue  colour  :  it  has  fo 
;  cauftic  a  tafte,  that  it  might  be  ufed  to  corrode  excref- 
i  cences  which  grow  upon  the  fkin.    M.  Sage  fays,  that 
it  is  fufible  with  a  temperature  of  twenty  degrees  of 
.  Reaumur's  thermometer.    It  detonates  upon  burning 
;  coals;  but  as  it  contains  a  great  deal  of  water,  this 
phenomenon  is  not  very  fenfible.    When  it  is  fufe4  in 
a  crucible,  it  emits  a  great  quantity  of  nitrous  vapours, 
which  might  be  collected  by  unng  a  diftilJing  appara- 
i  tus.  When  it  is  dried,  its  colour  is  green  :  by  a  greater 
heat  it  becomes  brown  ;  and  in  this  ftate  it  is  only  a 
calx  of  copper.    I  have  diftilled  it  with  a  pneumatico- 
■chemical  apparatus ;  and  got  a  great  deal  of  nitrous 
gas,  a  little  chalky  acid,  not  an  atom  of  pure  air.  It 
was  reduced  in  this  operation  to  the  ftate  of  a  brown 
<:alx.    Nitrous  copper  attracts  humidity  from  the  air; 
it  mav,  however,  be  kept  a  long  time  in  clofe  veflels. 
In  warm  and  dry  air,  it  becomes  covered  with  a  green 
efflordfeenoe.   It  is  very  foluble  in  water  ;  a  little  more 
fo  in  hot  water  than  in  cold.    The  folution,  expofed  to 
the  air  in  flat  veffels,  or  quickly  evaporated  in  a  dry  and 
hot  feafon,  leaves  a  green  calx,  as  the  cryftals  of  thie 
-fait  do  in  the  fame  circumstances.. 

It  is  precipitated  by  lime  of  a  pale  blue ;  by  the  fixed 
alkalis,  of  a  blueifh  white  ;  by  the  volatile  alkali,  in 
iocci  of  the  fame  colour,  which  are  very  quickly  dif- 
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folved,  and  give  a  very  brilliant  deep  blue  colour ;  by 
the  liver  of  fulphur,  of  a  reddifh  brown  without  hepatic 
odour  ;  by  the  tincture  of  the  gall-nut,  of  an  olive-green. 
Vitriolic  acid  alfo  decompofes  it ;  and  we  get  cryltals  of 
blue  vitriol,  if  this  acid,  in  its  very  concentrated  ftate, 
has  been  employed.  Stahl  announced  this  decomposi- 
tion :  M.  Monnet  has  fince  confirmed  it ;  and  I  have 
had  occafion  to  obferve  it  feveral  times.  Iron  has  more 
affinity  with  mod  part  of  the  acids  than  copper  has. 
When  a  lamina  of  iron  is  immerfed  into  a  folution  of 
nitrous  copper,  the  copper  precipitates  in  its  metallic 
form,  and  gilds  the  furface  of  the  iron,  either  by  refu- 
ming  the  phlogifton  of  this  lafl  metal,  according  to  the 
Stahlian  doctrine ;  or  by  yielding  to  it  the  air,  which 
converted  it  into  a  calx,  according  to  the  pneumatic 
theory.  Vitriol  of  copper  prefents  the  fame  fact ;  and 
it  is  a  procefs  made  nfe  of  by  feveral  perfons,  to  induce 
the  belief  of  its  converfion  into  copper  *. 

The  marine  acid  diflblves  copper  only  when  it  is  con- 
centrated and  boiling.  During  this  folution,  only  very 
little  gas  is  produced,  whofe  nature  is  unknown :  it 
feems,  however,  to  be  inflammable  gas.  This  acid  af- 
fumes  a  very  deep  green  and  almoft  brown  colour. 
This  combination  forms  a  mafs  very  foluble  in  water :  if 
it  is  wafhed,  the  water  is  of  a  fine  green  colour,  which 
diftinguifhes  this  folution  from  the  two  preceding.  By 
flow  evaporation  and  cooling  it  depofites  very  regular 
prifmatic  cryftals  if  care  has  been  taken :  they  form  on 
the  contrary  only  fharp,  very  fmall,  and  acute  needles, 
when  the  evaporation  has  been  too  rapid  and  the  cooling 
too  fudden.    This  marine  fait  of  copper  is  of  a  very  a- 

greeable 

*  The  metallic  fait  formed  by  nitrous  acid  and  copper  exhibits  a 
very  beautiful  appearance,  when  applied  to  the  furface  of  tin-foil.  If 
fome  of  this  fait  be  laid  upon  the  tin-foil,  gently  wetted  with  water, 
and  the  tin-foil  inltantly  rolled  up,  we  foon  perceive  the  action  be- 
gin, firft  by  the  emiffion  of  nitrous  vapours,  and  then  by  the  defla- 
gration of  the  tin,  which  crackles  and  flames,  and  is  left  reduced 
into  a  grey  calx.  It  requires  celerity  in  rolling  up  the  tin-foil  to 
make  the  experiment  fucceed ;  and  the  cryftals  muft  at  the  fame 
£ime  be  complete. 
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greeable  grafs  green  :  it  has  a  cauftic  and  very  aftringent 
tafte ;  it  fufes  with  a  very  gentle  heat,  and  congeals 
into  a  mafs  when  left  to  cool.  M.  Monnet  fays,  that 
there  is  a  great  degree  of  adhefion  between  its  prin- 
ciples, and  that  the  marine  acid  cannot  be  raifed  from 
it  except  by  a  very  confiderable heat:  it  ftrongly  attracts 
humidity  from  the  air  ;  it  is  decompofable  by  the  fame 
intermedia  with  the  preceding  faits  of  copper.  I  have 
obferved  that  the  volatile  alkali  did  not  difTolve  fo  very- 
well  the  calx  of  copper  feparated  from  the  marine  acid, 
as  it  did  that  from  the  vitriolic  and  nitrous  copper.  The 
blue  which  it  forms,  is  on  that  account  not  fo  lively  ; 
and  there  remains  a  portion  of  this  calx  which  the  vola- 
tile alkali  does  not  diflblve  entirely.  The  vitriolic  and 
nitrous  acids  do  not  decompofe  the  marine  fait  of  cop- 
per. The  nitrous  folution  of  mercury  and  filver  de- 
compofe it,  and  are  themfelves  decompofed  in  the  in- 
ftant  of  the  mixture  :  a  white  precipitate  forms  by  the 
junction  of  the  marine  acid  with  the  mercury  or  filver, 
and  the  calx  of  copper  unites  with  the  nitrous  acid.  I 
have,  however,  obferved,  that  the  liquor  does  not  affume 
the  blue  colour  which  the  folution  of  copper  by  the  ni- 
trous acid  ought  to  have  ;  and  that  in  general  the  calx 
of  copper,  formed  by  the  marine  acid,  is  very  difficult 
of  alTuming  this  colour,  as  we  have  already  leen  with 
regard  to  the  volatile  alkali.  It  appeared  to  me,  that 
in  general  the  calces  of  copper  pafs  very  difficultly 
from  blue  to  green,  and  very  difficultly  too  from 
green  to  blue.  The  marine  acid  diiTolves  the  calx  of 
copper  with  a  great  deal  more  facility  than  it  does  the 
metal  itfelf.  This  fact  was  accurately  obferved  by 
M.  Brandt.  The  folution  is  of  a  fine  green,  and  cry- 
ftallifes  as  eafily  as  the  former  ;  which  proves,  that  in 
the  metallic  faline  combinations,  the  metals  are  always 
in  the  ftate  of  a  calx,  as  we  have  already  obferved. 

Nitre  detonates  with  difficulty  by  means  of  copper. 
This  fait  mud  befufed,  and  the  copper  very  hot,  in  or- 
der that  the  deflagration  may  take  place  5  Itill  it  is  but 
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very  weak.  This  operation  is  peformed  by  throwing 
fine  filings  of  copper  upon  nitre  in  fufion  in  a  large 
crucible,  in  order  that  the  contact  may  be  more  multi- 
plied. When  the  metal  is  very  much  heated,  a  flight 
motion,  accompanied  with  fomewhat  rapid  flaflies,  is 
perceived.  The  refiduum  is  a  calx  of  a  grey  colour, 
a  little  brown,  mixed  with  the  fixed  alkali :  it  is  warned  ; 
the  water  takes  up  the  alkali,  which  retains  a  little  cop- 
per, and  the  calx  of  this  metal  remains  pure.  It  com- 
pletely fufes  alone  into  a  glafs  of  a  deep  and  opaque 
green  :  it  is  employed  to  colour  enamels  :  the  alkali  is 
fuppofed  to  be  rendered  cauftic  ;  but  there  are  no  ac- 
curate experiments  yet  upon  the  fubject. 

Copper  very  eafily  decompofes  fal  ammoniac.  M.  Buc- 
quet,  who  examined  this  decompofition  with  great  care, 
obtained,  by  making  the  experiment  in  a  pneumato- 
chemical  apparatus  above  mercury,  from  two  gros  of 
copper-filings  and  one  gros  of  fal  ammoniac,  fifty-eight 
inches  of  an  elaftic  fluid  ;  of  which  twenty-fix  inches 
were  very  good  alkaline  gas,  twenty-fix  were  detonating 
inflammable  gas,  and  fix  a  mephitic  gas,  which  extin- 
guiflied  candles,  without  being  abforbed  by  water,  or 
precipitating  lime-water.  There  was  difengaged  a  little 
volatile  alkaline  fpirit  of  a  fine  blue  colour,  which  fwani 
above  the  mercury.  This  experiment  (hows  us  that 
the  marine  acid  produces  inflammable  gas  by  difTolving 
the  copper.  The  refiduum  was  a  mafs  of  a  blackilh 
green  ;  the  half  of  wmich  was  diffolved  by  water,  and 
communicated  to  it  a  fine  green  colour  ;  a  diltind  cha- 
racter of  the  marine  fait  of  copper  :  the  other  half  was 
like  a  kind  of  calx  of  copper  formed  by  the  marine 
acid.  Upon  repeating  this  decompofition  in  the  dofe 
of  four  ounces  of  copper  with  two  of  fal  ammoniac  with 
the  ordinary  apparatus  of  the  balloon,  M.  Bucquet  ob- 
tained two  gros  eighteen  grains  of  a  blue  volatile'  alka- 
line fpirit,  which  efFervefced  with  acids,  and  contained 
about  an  inch  of  chalky  acid  per  gros.  This"  chemilt 
did  not  know  how  to  account  for  this  laft  gas :  but  I 
am  of  opinion  that  it  might  come  from  ibme  impuri- 
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ties  of  the  fal  ammoniac  ;  for  having  repeated  this  ex- 
periment with  fal  ammoniac  prepared  by  fublimation, 
I  got  a  very  cauftic  volatile  alkali,  not  occafioning  the 
flighted  effervefence  with  acids.  The  calx  of  copper 
alio  decompofes  fal  ammoniac,  and  gives  to  the  volatile 
alkaline  fpirit  which  it  drives  over  a  portion  of  aerial 
acid,  which  renders  it  effervefcent.  This  alkali  is  al- 
ways blue,  becaufe  it  carries  over  with  it  a  fmall  portion 
of  calx  of  copper,  to  which  it  owes  this  colour  :  how- 
ever, the  acids  do  not  precipitate  an  atom  of  this  metal- 
In  pharmacy,  two  medicines  are  prepared  with  fal  am- 
moniac and  copper ;  the  firft  of  which  has  received  the 
name  of  ammomacal  flowers  of  copper^  or  ens  veneris.  This 
is  nothing  but  fome  fal  ammoniac  coloured  with  fome 
calx  of  copper.  A  mixture  cf  eight  ounces  of  this  fait 
with  a  gros  of  calx  of  copper,  are  made  to  fublime  in 
two  earthen  veffels  placed  one  above  another.  All  the 
fal  ammoniac  is  volatilifed  without  being  decompofed  ; 
and  it  attracts  a  little,  which  gives  it  a  blueifh  colour. 
The  fecond  preparation,  called  aqua  caleftis,  is  made 
„by  digefting  ten  or  twelve  hours  a  pound  of  lime-water 
•with  one  ounce  of  fal  ammoniac  in  a  copper  bafon.  The 
lime  difengages  the  volatile  alkali,  which  diffolves  a 
little  of"  the  copper  of  the  bafon,  and  which  is  coloured 
blue.  Aqua  celeftis  may  be  made  in  a  glafs  or  earthen 
veilel,  by  adding  a  little  filings  or  calx  of  copper  to  the 
lime-water  and  fal  ammoniac. 

It  feems  that  copper  decompofes  alum  :  for  if  a  fo- 
lution  of  this  fait  is  boiled  in  a  copper-veffel,  a  little  clay 
is  depofited ;  and  when  this  alum  is  precipitated  by  the 
•volaii'e  alkali,  its  earth  affumes  a  fmall  blue  colour, 
which  detefts  the  prefence  of  the  copper. 

The  acYiom  of  inflammable  gas  upon  copper  is  not 
known.  This  metal  unites  with  fulphur  very  well. 
This  combination  may  be  made  by  the  humid  way, 
that  is,  by  mixing  flowers  of  fulphur  and  filings  of  cop- 
per, and  moiftening  the  mixture  with  water;  but  it 
iuccecds  much  better  by  the  dry  way.    A  mixture  of 
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equal  parts  of  fulphur  and  copper-filings  is  expofed  to 
the  fire  in  a  crucible,  which  is  gradually  heated  till  it  be 
reddened  ;  from  this  combination  a  mafs  of  a  blackifh 
grey  refults,  a  kind  of  coarfe  copper,  which  is  brittle 
and  more  fufible  than  the  copper.  This  compofition  is 
prepared  for  dyeing  and  painting  Indian  fluffs,  by  lira- 
tifying  in  a  crucible  lamina?  of  copper  and  fulphur  in 
powder,  and  heating  the  crucible  as  faid  above  :  the  re- 
fult  is  pulverifed,  and  called  as  veneris.  The  liver  of 
fulphur  and  hepatic  gas  have  a  remarkable  action  upon 
copper  :  the  former  diffolves  it  by  the  dry  and  humid 
way  ;  the  fecond  llrdngly  colours  its  furface  j  but  their 
effects  have  not  as  yet  been  examined. 

Copper  alloys  with  feveral  metals  :  With  arfenic  it 
becomes  white  and  brittle,  and  forms  the  white  tombac. 
It  unites  with  bifmuth,  and,  according  to  M.  Gellert, 
forms  an  alloy  of  a  reddifh  white  in  cubical  facets.  It 
alloys  very  well  with  regulus  of  antimony,  and  gives  a 
coppery  regulus,  which  is  diftinguifhable  by  a  pretty 
violet  colour.  It  decompofes  antimony,  and  unites  with 
the  fulphur  which  it  carries  off  from  the  regulus. 

It  combines  very  eafily  with  zinc.    This  combina- 
tion may  be  made  in  two  ways.    i.  By  fufion,  a  metal 
is  obtained  of  the  colour  of  gold,  which  is  much  lefs 
fufceptible  of  ru(l  than  the  pure  copper,  but  has  lefs 
ductility.  The  more  its  colour  refembles  gold,  the  more 
brittle  is  the  metal :  befides,  it  varies  according  to  the 
proportion  of  the  mixture  and  the  precautions  obfer- 
ved  in  fufing  it.    Its  varieties  are,  fimilor,  pinchbec, 
Prince  Rupert's  metal,  and  gold  of  Manheim.    2.  If 
lamina?  of  copper  are  cemented  with  lapis  calaminaris, 
reduced  into  powder  and  mixed  with  charcoal,  and  it 
the  crucible  is  reddened  with  the  fire,  the  copper  unites 
with  the  zinc,  and  forms  brafs.    This  is  lefs  apt  to  ruft 
than  copper,  it  is  as  malleable  and  more  fufible  than  it  ; 
but  when  ftrongly  heated,  it  lofes  the  zinc,  and  becomes 
red  copper  *. 

Copper 

*  Although  copper  be  extremely  valuable  on  account  of  its  duc- 
tility, 
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Copper  is  difficultly  alloyed  with  mercury.  A  kind 
of  amalgam,  however,  may  be  formed,  by  rubbing 
fome  very  thin  plates  of  copper  with  mercury.  A  plate 
of  copper  plunged  into  a  folution  of  mercury  by  an 

acid, 

tility,  lightnefs,  and  ftrength,  it  is  rendered  lefs  ufeful  on'  many  oc- 
cafions  from  the  difficulty  of  forming  large  maffes  of  work.  We  can- 
not join  heated  bars  of  copper,  by  the  operation  of  welding,  as  we 
can  do  thole  of  iron.  Neither  is  it  an  eafy  matter  to  call  copper  folid, 
fo  that  it  (hall  retain  all  its  properties  entire  :  for  if  the  heat  be  not 
fufficiently  great,  the  copper  proves  deficient  in  toughnefs  when 
cold;  and  if  the  heat  be  raifed  too  high,  or  continued  for  too  great 
a  length  of  time,  the  copper  blifters  on  the  furface  when  caft  in  a 
mould  :  fo  that  the  limits  of  fufion  at  which  copper  will  caft  well 
are  exceedingly  contracted  ;  and  from  the  intenfe  heat  neceffary  to 
make  it  flow  with  fufficient  tenuity,  it  becomes  impracticable  to  re- 
gulate the  degree  of  heat  with  exactnefs.  From  tliefe  circumftances, 
pure  copper  is  rendered  lefs  applicable  to  many  different  purpofes. 
We  find,  however,  that  the  addition  of  a  certain  proportion  of  zinc 
removes  almoft  all  the  inconveniences,  and  furnifhes  a  mixed  metal 
more  fufible  than  pure  copper,  extremely  ductile  and  tenacious  when 
cold,  which  does  not  fo  readily  fcorify  in  a  moderate  heat,  and 
which  is  lefs  apt  to  ruft  from  the  aftion  of  air  and  of  moifture.  A 
mixture  of  this  kind  forms  common  brafs,  which  varies  in  its  proper- 
ties according  to  the  proportion  of  the  ingredients  and  the  intimacy 
of  their  union.  Brafs  is  frequently  made  by  cementing  plates  ofcop- 
per  with  calamine,  when  the  copper  imbibes  one-fourth  or  one-fifth 
its  weight  of  the  zinc  which  rifes  from  the  calamine.  The  procefs  con- 
filts  in  mixing  three  parts  of  calamine  and  two  of  copper  with  char- 
coal-duft  in  a  crucible,  which  is  expofed  to  a  red  heat  for  fome  hours, 
and  then  brought  into  fufion.  The  vapours  of  the  calamine  pene- 
trate the  heated  plates  of  copper,  and  thereby  add  to  its  fufibility. 
It  is  of  great  confequence,  for  the  fuccefs  of  this  procefs,  to  have  the 
copper  cut  into  fmall  pieces,  and  intimately  blended  with  the  cala- 
mine. In  moft  foreign  founderies  the  copper  is  broken  fmall  by  me- 
chanica!  means  with  a  great  deal  of  labour;  but  at  Briftol,  the  work- 
men employ  a  very  ingenious  method  to  reduce  the  copper  into 
grains  with  more  eafe  and  celerity.  A  pit  is  dug  in  the  ground 
about  four  feet  deep,  the  fides  of  which  are  lined  with  wood,  and  the 
bottom  is  made  of  copper  or  brafs,  and  moveable  by  means  of  a  chain. 
The  top  is  made  of  brafs  with  a  fpace  near  the  centre,  perforated 
with  fmall  holes,  through  which  the  melted  copper  runs  in  a  num- 
ber of  (treams  into  the  water  which  the  pit  contains.  The  holes  are 
luted  with  clay,  and  the  water  is  perpetually  renewed  by  a  frefli 
ftream,  to  prevent  it  from  turning  warm  by  the  influx  of  melted  cop- 
per. 
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acid,  is  covered  with  a  fine  argentine  coat,  owing  to 
the  femimetal  being  precipitated  upon  the  copper. 

Copper  and  lead  unite  very  well  by  fufion,  as  is  pro- 
ved by  the  loaves  of  liquation  *. 

It 

per.  As  the  copper  falls  clown  through  the  cold  water,  it  forms  it  fell 
into  grains,  wliich  colled  at  the  bottom.  In  thin  form  it  can  be 
molt  completely  mixed  with  the  powdered  calamine.  The  difficulty 
>>f  execution  arifes  here  from  the  violent  explofions  which  melted 
copper  and  water  produce,  unlefs  every  precaution  be  prattifed  to 
prevent  them.  And  even  where  no  precaution  is  omitted,  the  works 
occafionally  explode  with  a  degree  of  violence  which  endangers  the 
lives  of  the  workmen.  Brafs  is  fomctimes  made  in  another  way,  by 
mixing  the  two  metals  directly  :  but  in  managing  this  procefs,  a 
pood  deal  of  addrefs  is  requifite,  fince  the  heat  neceflary  to  melt  the 
copper,  makes  the  zinc  burn  and  flame,  by  which  a  confiderable  part 
is  diffipated  ;  fo  that  the  remaining  copper  is  defrauded  of  the  due 
proportion  of  zinc.  If  the  copper  be  fiift  melted  by  itfelf,  and  the 
zinc  heated  and  plunged  into  it,  a  firong  commotion  enfues,  though 
the  diffipation  is  much  lefs  confiderable  than  in  the  other  cafe,  as  the 
zinc  is  quickly  imbibed  by  the  copper,  and  in  fome  meafure  protec- 
ted and  retained  by  it.  If  the  copper  and  zinc  be  brought  feparate- 
ly  into  fufion,  and  one  poured  upon  the  other,  an  explolion  hap- 
pens, and  a  great  part  of  the  mixture  is  thrown  about  in  drops,  and 
loft.  The  union  appears  to  fucceed  beft,  and  with  the  leuft  lofs  of 
zinc,  when  fluxes  containing  inflammable  matter  arc  added  to  the 
mixture.  The  flux  is  firft  brought  into  fufion  in  a  crucible,  the 
copper  and  zinc  poured  into  it;  andfo  foon  as  they  appear  thorough- 
ly melted,  they  are  to  be  well  ftirred  together,  and  expediti- 
oufly  poured  out.  The  reafon  for  pouring  them  out  inftantly,  is 
to  prevent  the  inflammation  of  the  zinc,  which  would  fpeedilv  con- 
fume,  and  leave  nothing  but  red  copper  in  the  crucible.  It  is  re- 
markable that  either  a  large  proportion  of  zinc  or  of  copper  give  a 
metal  refembling  the  colour  of  gold,  while  in  the  intermediate  pro- 
portions the  imitation  is  not  fo  good.  Five  parts  of  copper  to  one 
of  zinc  prove  the  bell  with  an  excefs  of  copper;  though,  with  an  ex- 
cefs  of  zinc,  the  refemblance  to  gold  is  (till  Itronger.  But  in  this  cafe 
the  metal  is  extremely  brittle  ;  and  indeed  no  brafs  is  made  which 
bears  extenfion  when  hot. 

*  When  Archimedes  endeavoured  to  determine  the  quantity  of 
alloy  in  the  crown  of  gold  which  Hiero  king  of  Syracufc  gave  nim 
to  examine,  his  calculations  all  proceeded  on  the  fuppofition  that  the 
fpecific  gravity  of  the  compound  came  out  to  be  the  exact  mean  be- 
tween the  gravities  of  the  two  metals  of  which  it  was  compofed. 
This  was  indeed  the  conje&ure  naturalto  form,  without  any  previous 

know- 
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It  is  combined  with  tin  in  two  ways  ;  either  by  the 
application  of  fufed  tin  to  the  copper,  or  by  fufwg  thefe 
two  metals  together.  The  fir(t  operation  is  ufcd  in  the 
tinning  of  copper ;  the  fecond  forms  bronze.  In  tin- 
ning copper-veflels,  they  are  fcoured  well,  in  order  to 
render  their  furface  clean  and  brilliant ;  then  they  are 
rubbed  with  lbme  fal  ammoniac  to  clean  it  entirely. 
They  are  heated,  and  fome  powdered  refin  is  thrown  bp- 
Ill  them.  This  fubdance,  by  covering  the  furface  of, 
the  copper,  hinders  it  from  being  calcined.  Then  the 
fufed  tin  is  laid  on  and  fpread  with  tow. 

Several  perfons  complain,  that  the  tinning  of  copper 
vedels  is  not  fufficient  to  defend  them  from  the  action  of 
the  air,  from  humidity,  and  from  falts  ;  becaufe  thefe 
velTels  are  feen  often  covered  with  verdigris.  It  would 
be  poffible  to  remedy  this  inconvenience,  by  laying  on  a 
thicker  coat  of  tin,  if  it  were  not  apprehended  that  the 
fuperior  degree  of  heat  to  that  of  boiling  water,  to  which 
thefe  vtffels  are  frequently  expofed,  might  fufe  the  tin, 
and  render  the  furface  of  the  copper  expofed.  We  are 
juftly  aflonifhed  from  the  fmall  quantity  made  ufe  of  in 
tinning,  fince  M.  Bayen  and  M.  Charlard  have  compu- 
ted, that  a  copper  pan,  nine  inches  in  diameter  and  three 
inches  three  lines  deep,  had  acquired  by  tinning  only 

twenty 

knowledge  of  the  fubjeft  to  direct  his  judgment,  though  it  is  by  no 
means  confonant  to  the  truth  of  the  fad,  when  afeertained  by  expe- 
riment. So  far  from  being  true,  we  rind  no  mixed  metal  correfpond 
accurately  to  the  fpecific  gravity  given  by  computation.  Some  mix- 
tures exceed  the  mean,  others  fall  below  it.  But  the  molt  lingular 
of  ail  ijifcoveries  is,  that  the  fpecific  gravity  of  tin,  mixed  with  cop- 
per, m.'t  only  exceeds  the  mean  gravity  of  the  two  metals,  but  even 
tftrpafies  that  of  the  heavielt  of  them.  A  mixture,  confHli'ng  of  ten 
pai  ls  of  copper  and  one  part  of  tin,  proves  heavier  than  pure  copper. 
The  augmentation  i3  alfo  fenfible  when  the  lighter  metal'  bears  a  lar- 
ger proportion  to  the  whole  mals.  Even  one  part  of  tin  to  two  parts 
of  copper  affords  a  mixture,  polLffing  greater  fpecific  gravity  than 
the  copper  itfelf.  This  circumitance  has  been  long  known,  and  is 
thoroughly  eflahlifhed  :  and  the  whole  feries  of  fads  upon  the  fub- 
ject  fnows  the  fallacy  of  trulting  to  the  fpecific  gravity  of  the  mixed 
metal,  as  a  juft  ttft  of  the  proportion  of  ingredients  which  enter  i„ 
to  the  mixture. 
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twenty-one  grains.  However,  this  fmall  quantity  is  fuf- 
ficicnt  to  prevent  the  danger  arifing  from  copper,  when 
attention  is  paid  not  to  allow  fubftances  capable  of  dif- 
folving  the  tin,  to  remain  long  in  the  tinned  veffels; 
and  chiefly  when  the  tinning  is  frequently  renewed, 
which  the  friction  of  the  meat,  the  heat,  and  the  actions 
of  the  fpoons  with  which  the  fubftances  cooked  in 
sthem  are  agitated,  very  readily  deltroy.  There  is,  how- 
ever, a  dread  which  we  cannot  fhake  off;  1  mean, 
the  tin  which  the  braziers  ufe  to  tin  the  copper  pans. 
It  is  frequently  alloyed  with  a  fourth  of  its  weight  of 
lead  ;  and  from  this  circumftance  we  have  reafon  to  fear 
bad  effects,  as  we  know  it  is  very  foluble  in  acids  and  in 
fats.  This  mould  render  it  neceffary  for  government 
to  form  meafures  that  the  braziers  be  not  deceived  in 
the  purchafe  of  their  tin;  and  that  they  employ  only 
that  of  Malacca  or  of  Banca  in  the  ftate  it  comes  to  us 
from  the  Indies,  without  its  being  alloyed  and  fufed  a- 
gain  by  the  pewterers. 

M.  de  la  Folie,  a  citizen  of  Rouen,  celebrated  for 
his  chemical  works  relative  to  the  arts,  and  for  the  ufe- 
ful  difcoveries  with  which  he  has  enriched  the  arts 
of  dyeing,  and  of  making  earthen- ware,  and  a  great 
number  of  the  manufactures  of  Rouen,  has,  in  order 
to  avoid  the  dangers  and  inconveniences  from  tinned 
copper,  propofed  the  ufe  of  veffels  of  beat  iron  covered 
with  zinc,  which  has  nothing  dangerous  in  it,  as  we 
have  feen  already.  Several  perfons  have  made  an  ad- 
vantageous trade  of  it :  it  is  to  be  wifhed  the  number 
of  fuch.  veffels  were  increafed. 

When  tin  is  fufed  with  copper,  a  more  weighty  me- 
tal refults  than  the  fum  of  the  two  metals  employed. 
This  alloy  is  the  more  white,  brittle,  and  fonorous,  ac- 
cording to  the  quantity  of  tin.  When  it  is  very  white, 
it  is  called  bell-metal.  When  it  contains  more  copper,  it 
is  yellow,  and  is  called  airain  or  bronze  :  it  is  ufed  for 
the  carting  of  ftatues,  and  to  make  pieces  of  artillery, 
which  mould  be  very  folid,  not  to  fplit  with  the  flightefl 

impulfe ; 
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impulfe;  not  very  ductile,  however,  that  they  might 
not  be  deformed  by  the  ftroke  of  the  bullets. 

Copper  and  iron  are  fufceptible  of  combining  by  fu- 
fion  and  foddering :  however,  this  operation  does  not 
fucceed  eafily.  When  a  mixture  of  thefe  two  metals  is. 
fufed  in  a  crucible,  the  iron  is  found  frequently  fown 
in  the  copper,  without  having  contracted  a  perfect 
union.  Copper  decompofes  the  mother-water  of  mar- 
tial vitriol,  though  iron  has  a  ftronger  affinity  with  the 
acids  than  copper  has. 

The  ufes  of  copper  a're  very  multiplied  and  very  well 
known.  A  multitude  of  various  utenfils  are  made 
with  it.  It  is  particularly  the  yellow  copper,  or  its  alloy 
with  zinc,  which  is  molt  employed  on  account  of  its 
ductility  and  beauty.  As  copper  is  a  very  violent  poi- 
ibn,  it  ought  never  to  be  adminiftered  in  medicine. 
The  mod:  proper  remedies,  in  cafes  of  poifon  by  cop- 
per reduced  to  a  calx  or  verdigris,  are  emetics,  abun- 
dance of  water,  livers  of  fulphur,  alkalis,  &c. 


LECTURE  XL. 

Species  13.  Silver. 

SILVER,  called  Luna  or  Diana  by  the  alchemifts,  is 
a  perfect  metal,  of  a  white  colour,  and  of  the  mod 
vivid  brilliancy.  It  has  neither  tafte  nor  fmell :  its  fpe- 
cific  gravity  is  fo  great,  that  it  lofes  about  an  eleventh 
of  its  weight  in  the  hydroftatic  balance.  A  cubic  foot 
of  it  weighs  720  pounds.  It  poffelfes  fo  great  a  degree 
of  ductility,  that  meets  of  it  are  made  as  thin  as  paper, 
and  it  can  be  drawn  into  finer  wire  than  the  hairs  of 
our  head.  A  fingle  grain  can  be  made  to  contain  an 
ounce  of  water.  By  its  tenacity,  a  filver  wire  the 
tenth  or  an  inch  in  diameter,  can  fupport  270  pounds 
weight  without  being  broken.  Its  hardnefs  and  elafti- 
city  are  inferior  to  thofe  of  copper  :  It  is  the  moft  fono- 
rous  of  the  metals  except  copper :  it  ftiffens  under  the 
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hammer ;  of  which  property  it  may  be  deprived  by 
Dealing!  MefY.  Tillet  and  Mongez  have  cryftallized  it. 
They  obtained  quadrilateral  pyramids,  fometimes  ifo- 
lated  like  thofe  which  are  found  on  the  fides  of  the  cru- 
cible in  which  it  has  been  fufed,  or  in  groups  adhering 
laterally  to  each  other. 

Silver  is  found  in  feveral  dates  in  nature.  The  prin- 
cipal ores  of  this  metal  may  be  reduced  to  the  follow- 
ing. 

1.  Native  or  virgin  ore  of  filver.  It  is  diftinguifh- 
able  by  its  brilliancy  and  ductility  :  its  form  is  very 
various  ;  it  is  frequently  in  irregular  malTes  of  different 
fizes.  Sometimes  it  is  in  the  form  of  contorted  capil- 
lary filaments:  and  in  this  ftate  feems  to  borrow  its  for- 
mation from  a  decompofed  red  ore  of  filver,  according 
to  the  obfervation  of  Henckel  and  M.  Rome  de  Liflc. 
It  is  alio  found  in  laminae  like  net-work,  which  the 
Spaniards  call  for  that  reaforr  arane  ;  like  vegetation, 
or  in  branches,  formed  of  octagons  flicking  to  each 
other.  Some  of  thefe  fpecimens  are  like  fern  leaves ; 
others  again  prefent  ifolated  cubes  and  octagons,  whofe 
angles  are  truncated :  thefe  laft  are  the  moft  rare.  Na- 
tive filver  is  almoft  always  difperfed  in  a  quartzy  ma- 
trix. It  is  found  in  Peru,  in  Mexico  ;  at  Konfberg  in 
Norway,  at  Johan-Georgenftadt,  and  at  Ekenfriederf- 
dorf  in  Saxony ;  at  Sainte-Maria,  and  other  places. 
This  metal  never  has  been  found  in  the  ftate  of  a 
calx. 

2.  The  vitreous  ore  of  filver,  according  to  the  ma- 
jority of  mineralogies,  is  formed  of  filver  and  fulphur. 
It  is  of  a  foul  grey  refembling  lead.  The  knife  cuts  it 
as  it  does  lead.  It  is  often  without  form,  fometimes 
cubical,  having  truncated  angles.  M.  Monnet  diftinJ 
guifhes  one  variety  of  it,  which  is  converted  into  pow- 
der inflead  of  being  cur.  This  ore  gives  from  72  to 
84  pounds  in  the  hundred  weight. 

3.  The  red  ore  of  filver  is  often  deep  in  colour, 
fometimes  tranfparent,  cryftallifed  in  cubes,  whofe  ed- 
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ges  are  truncated,  or  in  hexaedral  pyramids,  termina- 
ted by  three-fided  pyramids ;  it  "is  called  rojfi-clero  at 
Potofi.    The  filver  is  united  with  fulphur  and  arfenic  : 
it  contains  perhaps  fome  aerial  acid,  fince,  by  diftilla- 
tion,  and  the  reception  of  the  produce  in  a  receiver 
lined  with  fixed  alkali,  M.  Sage  got  cryftals.    When  it 
is  broken,  its  colour  is  clearer  within,  and  it  feems  form- 
ed offmall  needles  or  converging  prifms  like  ftalactites. 
If  it  is  expofed  to  a  well-managed  fire,  capable  of  red- 
idening  it,  the  fiiver  is  reduced,  and  forms  capillary  ve- 
igetations  refembling  native  filver.    It  gives  from  58 
I  to  62  pound*  in  the  hundred  weight. 

'  4.  The  grey  and  white  ore  of  filver,  which  differs 
from  the  copper  ore  called  Tahlertz  only  in  its  con- 
taining more  precious  metal.  It  is  in  mafifes,  or  rather 
triangular  cryftals,  the  fides  of  which  are  cut  en  bifeau 
The  thickefl  of  thefe  cryftals  are  not  of  a  very  mining 
colour  :  the  fmalleft  fcattar ed  upon  a  flat  matrix  have  a 
very  agreeable  appearance,  on  account  of  their  very  vi- 
vid brilliancy.  The  grey  filver  gives  from  two  to  five 
marks  of  filver  in  the  quintal.  Sometimes  the  grey 
filver  is  introduced  into  the  organic  fubftances,  vvhofe 
form  it  imitates  exadtly.  It  is  then  called  figured  ore 
of  filver ;  fuch  is  that  which  refembles  ears  of  corn, 
and  which  M.  Rome  de  Lifle  took  for  cones  and  fcales 
f  the  pine  tree  :  of  this  fort  alfo  wood  is  found  mine- 
ralifed. 

5.  Black  ore  of  filver,  called  mgrillo  by  the  Spa- 
niards, according  to  Meff.  Lehman  and  Rome  de 
Lifle,  is  only  a  dccompofition  of  the  red  or  grey  ore  of 
filver.  and  a  fort  of  middle  (late  between  that  of  thefe  ores 
and  native  filver :  this  laft  is  frequently .  found  in  it. 
The  laft  mineralogift  obferves,  that  what  is  folid,  fpon- 
gy,  or  rotten,  fprings  from  the  red  and  vitreous  ores, 
and  is  much  richer  than  that  which  is  friable  and  of  a 
pitchy  colour,  whofe  origin  is  owing  to  the  alteration 
of  the  white  or  grey  ores  of  filver.  For  this  reafon  it  is 
fubjedt  to  vary  in  quantity  of  produce.    It  gives  in  ge- 
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neral  from  fix  or  feven  to  near  fixty  pounds  in  the 
hundred  weight. 

6.  The  horn  ore  of  filver  is  of  a  dirty  yellowifh  grey; 
fometimes  it  inclines  to  a  flax  grey.  It  has,  though 
rarely,  a  femitranfparency :  if  fof't,  may  be  bruifed  and 
eafily  cut  :  it  fines  with  the  flame  of  a  candle.  It  is 
found  cryftallifed  in  cubes,  and  molt  frequently  it  is 
without  fhape.  It  frequently  contains  portions  of  native 
filver.  Mineralogifts  are  not  agreed  about  the  nature 
of  this  ore.  Some  fuppofe  it  to  contain  fulphur  and 
arfenic.  MefT.  Lehman,  Cronftedt,  and  Sage,  think 
that  jit  is  mineralifed  by  the  marine  acid.  It  appears 
that  this  la fl  fentiment  has  been  mod  generally  adopt- 
ed. M. Woulfe  has  confirmed  it;  and  he  afierts  that 
filver  and  mercury  are  the  only  metals  that  are  minera- 
lifed by  the  marine  acid.  M.  Prouft  alfo  owns  this 
fubftance  as  a  mineralifer  of  thefe  two  metals. 

7.  Soft  ore  of  filver  of  Wallerius  is  only  native  ot 
mineralifed  filver,  difperfed  in  greater  or  lefs  quantity 
in  coloured  earths.  The  goofe-dung  ore  of  filver,  thus 
named  on  account  of  its  yellow  green  mixed  colour, 
is  only  a  variety  of  this  fpecies. 

8.  Silver  is  found  frequently  combined  with  other 
metallic  matters  in  the  ores  we  have  already  defcribed. 
Of  this  fort  is  mifpickel,  the  grey  ore  of  cobalt,  kup- 
fernickel,  or  ore  of  nickel ;  antimony,  which  prefents 
frequently  the  variety  called  plumed  ore  of filver  ;  blende- 
galena,  the  martial  pyrites,  and  white  ores  of  copper: 
thefe  laft  are  alfo  only  grey  ores  of  filver.  All  thefe 
fubftances  frequently  contain  enough  of  filver  to  be 
fmelted  with  profit ;  but  it  is  eafily  conceived  that 
they  mould  not  be  defcribed  as  particular  ores  of  ftlvcr, 
it  being  fufficient  to  take  notice  that  they  are  in  part 
compofed  of  this  metal  *. 

The 

*  M.  Daubenton.  has  very  properly  diftinguiftied  the  metallic 
oreo  by  the  number  of  metals  which  they  contain,  and  has  given 
marks  for  afcertaining  their  prefence.  This  new  method  is  much 
more  accurate,  fart,  and  fatisfa&ory,  than  that  of  former  raincra- 
logifts. 
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The  eflaying  of  filver  ores  fhould  vary  according  to 
their  nature.  Thofe  which  contain  native  filver  re- 
quire only  to  be  pounded  and  warned.  To  feparate 
sxactly  this  metal  from  the  ftrange  fubftances  which 
liter  it,  it  may  be  triturated  with  crude  mercury.  This 
tfilfolves  the  filver,  and  may  be  afterwards  volatilifed 
by  means  of  fire,  to  get  the  perfect  metal.  The  fulphu- 
ireous  ores  of  filver  require  roafting,  and  are  then  fufed 
with  a  greater  or  lefs  quantity  of  flux.  In  this  fufiort 
.he  filver  is  obtained,  generally  alloyed  with  lead,  cop- 
3er,  iron,  &c.  In  order  to  feparate  and  know  exactly 
he  quantity  of  precious  metal  which  this  alloy  contains^ 
an  entirely  chemical  procefs  is  made  ufe  of,  founded 
jpon  the  properties  of  the  imperfect  metals.  Lead,  be- 
ing capable  of  vitrification,  and  in  its  vitrification  car- 
rying along  with  it  the  imperfect  metals,  fuch  as  iron, 
:opper,  without  touching  the  filver  ;  from  this  pro- 
perty a  procefs  is  employed  to  feparate  the  perfect  me- 
al, from  thofe  which  alter  it.  The  filver  is  fufed  with 
ead  ;  which  is  in  greater  or  lefs  quantity  according  as 
it  contains  foreign  fubftances  :  then  this  alloy  is  put  in- 
:o  flat  and  porous  velfels,  made  with  calcined  bones  and 
water.  Thefe  kinds  of  veflejs,  called  cupels  9  are  pro- 
per to  abforb  the  glafs  of  lead  which  is  found  in  the  cu- 
pellation.  The  filver  remains  pure  after  this  opera- 
ion.  In  order  to  know  how  much  imperfect  metal  it 
contained,  or  of  what  title  it  was,  any  mafs  of  filver  is 
fuppofed  to  be  compofed  of  twelve  parts,  called  marks, 
and  each  of  thefe  weigh  24  grains.  If  the  mafs  of  fil- 
ler examined  has  loft  a  twelfth  of  its  weight,  it  is  filver 
Df  eleven  marks ;  if  it  has  loft  only  a  twenty-fourth, 
the  filver  is  eleven  marks  twelve  grains  fine  ;  and  fo 
on.  The  cupel,  after  this  operation,  has  acquired  a 
great  deal  of  weight :  it  is  impregnated  with  the  glafs  of 
lead,  and  with  the  imperfect  metals  which  were  alloyed 
with  the  filver,  and  which  the  lead  has  feparated  from  it. 
As  the  lead  contains  almoft  always  a  little  filver,  it  is  ne- 
ceffary  to  qapel  it  previoufly  per  fe,  in  order  to  deter- 
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mine  the  quantity  which  it  contains :  we  mud  then  de- 1 
duel  rrom  the  button,  which  is  obtained  in  cupelling  its | 
filver,  the  fmall  portion  which  is  known  to  be  contained 
in  the  lead  employed,  which  is  called  the  tejl. 

Cupellation  prcfents  a  phenomenon,  from  which  the 
artift  learns  the  progrefs  of  his  operation.  According  as 
the  filver  becomes  pure  by  the  vitrification  and  fepara-j 
tion  of  the  lead,  ir  appears  much  more  brilliant  than  the] 
portion  which  is  notfo  pure.  The  brilliant  part  increafes] 
by  degrees;  and  when  all  the  furface  of  the  metal  be-J 
comes  pure  and  brilliant,  the  moment  it  paffes  to  this] 
ftate,  it  exhibits  a  flam  or  a  figuration,  which  anm>uces| 
the  completion  of  the  operation.    The  cupelled  fliycrl 
is  very  pure  relatively  to  the  imperfect  metals  which  it] 
contained  before  :  but  it  may  contain  fome  gold  ;  and] 
as  it  always  contains  a  certain  quantity  of  it,  another] 
procefs  is  requifite  for  the  feparation  of  thefe  two  per- J 
feci:  metals.    As  gold  is  much  more  unchangeable  than! 
filver  is  by  molt  of  the  menltrua,  the  filver  is  diffolved  by- 
the  nitrous  or  marine  acids  and  fulphur  ;  and  the  gold,! 
upon  which  thefe  folvents  a£t  but  weakly,  remains  pure.  I 
This  manner  of  feparating  filver  from  gold  is  called  i 
farting.    We  lhall  fpeak  of  the  different  forts  of  part- k 
ing  after  we  have  explained  the  action  of  each  of  the 
•folventa  of  filver  employed,  and  when  we  come  to  treat  oft 
its  alloy  with  gold.    The  great  works  for  the  extraction \ 
of  filver  from  its  ores,  and  for  obtaining  it  pure,  are- 
nearly  fimilar  to  thofe  already  defcribed  for  the  elfay  off 
the  ores  of  this  metal.    In  great,  there  are  in  general  , 
three  ways  of  treating  filver.    The  firit  confifls  in  tri- 
turating virgin  filver  with  mercury.   This  amalgam  is 
warned  to  leparate  all  the  earth  ;  it  is  prelfed  through  i 
fliamoy  leather,  and  diftilled  in  iron  retorts.-  Thefil-- 
ver  is  then  fufed  and  melted  into  ingots.    This  procefs 
cannot  be  followed  in  the  cafe  of  the  ores  which  contain 
fulphur  ;  for  that  reafon  they  are  roaited  and  mixed  i 
with  lead,  in  order  to  refine  the  precious  metal  by  cu- 
pellation.   Such  is  the  procefs  ufed  for  th^ rich  ores  of. j 


CHEMISTRY. 


93 


filver ;  as  for  the  poor  ones,  a  different  method  from 
the  two  firft  is  followed.  They  are  fufed  without  a  pre- 
vious roafting  along  with  a  certain  quantity  of  pyrites. 
I  This  fufion,  called  crude  fufion,  gives  a  mafs  of  copper 
i  containing  filver,  which  is  treated  by  liquation  with 
lead  :  this  laft,  which  has  carried  along  the  filver  during 
fufion,  is  afterwards  fcorified  by  cnpellation,  and  the 
:perfeci  metal  remains  pure.  Cupellarion  in  great  dif- 
fers from  that  praclifed  in  fmall,  in  this,  that  in  the 
firft  the  lead  fcorified  is  driven  up  from  the  cupel  by  the 
'attion  of  the  bellows ;  whereas,  in  eiTaying,  the  glafs  of 
ilead  is  abforbed  by  the  cupel  *. 

G  3  Sil- 

*  Ail  the  fubftances  with  which  filver  is  minerallifed  in  its  ore, 
irtiay  b-;  fcparated  by  fufion  with  lead,  which  promotes  the  icorifiea- 
ition  of  earths  and  imperfect  metals,  while  it  leaves  the  filver  unalter- 
ed. The  full  part  of  the  procefs  is  to  put  one  part  of  the  filver-ore, 
well  pulvcrifed,  into  a  veflel  along  with  eight  parts  of  granulated 
ilead.  This  vtflel  is  txpofed  to  a  fire  under  a  muffle,  and  the  heat  gra- 
dually increafed.     In  a  fhort  time  the  lead  melts,  and  the  pounded 
ore  rifes  up  and  floats  a-top  of  it.     A  little  after,  the  ore  grows 
clammy,  melts,  and  difperfes  to  the  fides  of  the  veflel.    At  this  pe- 
riod the  fire  is  to  be  kept  moderate,  and  then  to  be  raifed  by  degrees 
until  the  whole  mafs  has  been  brought  into  thin  fufion,  and  the  fur- 
face  of  the  lead  be  covered  completely  over  with  fcorize.    The  opera- 
tion is  now  finifhed.  The  filver,  during  the  fufion,  forfakes  the  earthy 
matters  to  unite  with  the  lead,  which  collects  with  the  whole  of  the 
filver  into  a  mafs  at  the  bottom,  while  the  fcoriae  fwim  a  top  with- 
out a  particle  of  filver  in  them.    If  i6  fometimes  neceflary  to  ft ir  the 
matter  with  an  iron  rod  ;  and  if  the  fcorification  has  been  fuccefsfully 
(conduftcd,  we  find  the  rod,  when  cold,  covered  with  a  thin,  fmooth, 
ifhining  crult,  equally  coloured  on  every  fide:  but  if,  on  the  con- 
trary, the  fcoiiae  (how  a  confnlerable  degree  of  clamminefs,  adhere  to 
the  rod  in  quantity  though  it  be  quite  red  hot  ;  if  they  be  unequally 
jtingfd,  feem  dufty,  and  have  rough  grains  interfperfed ;  you  are  cer- 
tain that  the  procefs  is  imperfect  :  for  this  is  a  lign  that  the  whole 
tof  the  ore  has  not  been  converted  into  fcorix  ;  and  therefore  the  fil- 
ver cannot  all  precipitate  with  the  lead  to  the  bottom  of  the  veflel. 
This  precipitation  of  the  filver  with  the  lead  depends  upon  the  at- 
traction which  fubfi (Is  between  the  two  metals,  which  d  fpofes  them 
to  join  whenever  they  arc  brought  into  contact  while  fufed,  and  upon 
the  effect  which  the  lead  has  to  attenuate  and  promote  the  fufion  of 
the  fcoriae  ;  fo  that  every  particle  of  the  filver  may  be  fet  loofe  from 
the  matrix  to  precipitate  with  the  lead  into  a  metallic  mafs.    If  the 
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m  Silver,  obtained  by  the  process  juft  now  mentioned, 
is  in  general  much  lefs  alterable  than  all  the  metals  hi- 
therto defcribed.  Light,  however  long  applied,  makqs 
no  fenfible  change  in  its  properties.  Heat  fufes  it,  makes 

»t 

procefs  has  fucceeded  according  to  our  wifhes,  we  have  a  diftinft  vi- 
trefied  mafs  a  top,  and  a  regulus  at  bottom,  confiding  of  lead  and 
filver.  The  procefs  is  called  the  precipitation  of  filver  from  its  ore, 
becaufe  it  is  hereby  detached  from  all  earthy  matters,  and  only  left 
united  with  another  metal,  from  which  it  is  to  be  fufed  by  a  fubfc- 
quent  operation. 

Once  the  filver  is  freed  from  all  other  impurities,  and  only  difper- 
fed  over  a  quantity  of  lead,  we  get  clear  of  the  lead  by  cupellation. 
The  cupel  muft  be  previoufly  heated  red  hot,  to  expel  the  moifture 
completely:   then  the  lead  containing  the  filver  is  put  into  it  ;  and 
the  air  having  accefs  to  the  melted  metal,  which  is  placed  under  a 
muffle,  the  lead  quickly  calcines,  and  is  converted  into  litharge. 
But  as  the  converfion  of  lead  into  litharge  is,  owing  to  the  admiffion 
of  air,  there  muft  be  a  provifion  for  the  removal  of  what  is  already 
formed  ;  otherwife  it  would  collect  on  the  furface,  and  protect  the  reft 
of  the  lead  from  undergoing  the  fame  change.    Now  this  inconveni- 
ence is  provided  for  by  making  the  cupels  of  fuch  fpongy  materials 
as  will  completely  imbibe  all  the  liquid  litharge  as  it  forms  :  fo  that 
in  the  procefs  of  cupellation  the  litharge  is  perpetually  entering  the 
body  of  the  cupel,  until  the  whole  lead  be  abforbed,  and  the  button 
of  filver  left  purified  on  the  top.    There  is  here  fome  nicety  in  re- 
gulating the  heat  :  for,  if  it  be  too  low,  the  litharge  does  not  fuffi- 
ciently  liquefy  and  penetrate  the  cupel ;  and  if  too  great,  the  litharge 
penetrates  the  cupel  fo  rapidly  a3  not  to  have  time  to  fcorify  anyhe- 
terogeneous  matter  which  may  ftill  adhere  to  the  filver.  In  a  fuccefs- 
ful  effay,  the  furface  of  the  metal  fhould. appear  convex  and  more  red 
than  the  cupel ;  the  fmoke  fhould  rife  almoft  to  the  top  ofthe  muffle  ; 
the  middle  of  the  effay  fhould  be  fmooth,  and  furrounded  by  a  fmall 
circle  of  litharge,  which  is  continually  imbibed  by  the  cupel.  As 
the  cupellation  advances,  the  fire  requires  to  be  increafed,  becaufe 
filver  is  more  difficult  to  fufe,  and  helps  to  protect  the  lead.  When 
the  whole  lead  is  abforbed,  we  perceive  a  fudden  corrufcation  of  the 
filver,  which  arifes  from  the  congelation  of  the  furface  ;  and  the 
workmen  fay  that  it  lightens.    At  the  fame  time,  we  often  fee  ef- 
florefcences  fhoot  from  the  filver  in  different  dircdions,  termed  the 
vegetation  of  the  button.    This  appearance  is  produced  by  the  con- 
traction of  the  folid  fhell  of  filver,  which  fqueezes  out  the  melted 
matter  in  the  centre  through  little  cracks  and  crevices.    In  order 
to  prevent  this  accident,  which  fometimes  occafions  a  lofs  of  me- 
tal, it  is  neceffary  to  increafe  the  heat,  to  keep  the  filver-  ftill  in 
fufion,  and  to  allow  it  to  cool  and  to  confolidate  gradually.  The 

con? 


CHEMISTRY. 


95 


it  boil,  and  volatilfes  it,  but  without  alteration.  A  white 
heat  is  requifite  for  its  fufion  ;  it  is  more  fufible  than 
copper.  When  it  is  kept  in  fufion  for  fome  time,  it 
bubbles  up  and  emits  vapours,  which  are  nothing  but 
volatilifed  filver.  This  facl:  is  proved  by  its  being 
found  in  the  vents  of  chimneys  in  which  great  quan- 
tities are  continually  fufed.  It  is  confirmed  by  the  expe- 
riment of  Meffrs  the  Paris  Academicians:  By  expofing 
very  pure  filver  to  .  the  focus  of  M.  Trudaine's  lens, 
thefc  gentlemen  faw  this  metal,  when  fufed,  emit  a 
thick  fmoke,  and  whiten  a  gold  plate  which  was  expo- 
fed  to  it. 

Silver,  by  cooling  flowly,  is  capable  of  a  very  regular 
form,  or  of  cryftallizing  into  quadrangular  pyramids. 
M.  Baume  had  already  obferved,  that  it  affumed  a  fym- 
mttrical  form,  which  was  evident  at  its  furface  from 
filaments  refembling  the  down-hair  of  feathers.  I  have 
obferved,  that  the  pure  button  obtained  by  cupellation, 
exhibited  frequently  at  the  furface  fmall  fpaces  with 
five  or  fix  fides  put  between  them  like  windows  :  but 
the  cryftallization  in  pyramids  has  been  obferved  only 
by  Meffrs  Tillet  and  l'Abbe  Mongez. 

It  has  been  for  a  long  time  believed,  and  fome  clie- 
mifts  ftill  think,  that  filver  is  indeftrucYible  by  the  com- 
bined a&ion  of  heat  and  air.  It  is  fo  far  certain,  that 
kept  in  fufion  with  the  contact  of  air,  it  does  not  appear 
to  be  fenfibly  altered.  However,  Juncker  has  advanced, 
that  by  long  reverberation,  according  to  Ifaac  de  Hol- 
landors's  way,  the  filver  was  changed  into  a  vitrefcent 
calx.  This  experiment  was  confirmed  by  M.  Macquer. 
This  learned  chemift  expofed  fome  filver,  twenty-four 
times  fucceffively,  in  a  porcelain  crucible,  to  a  fire  which 
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continuance  of  the  heat  alfo  permits  any  litharge  which  may  lie  un- 
der the  button  to  enter  the  cupel  ;  fo  the  whole  is  completely  ab- 
forbed,  and  nothing  but  filver  left  in  a  metallic  form.  There  are 
fome  fmall  variations  reqnifite  when  the  ore  contains  iron,  tin,  or 
copper.  The  mode  of  working  in  large  is  concluded  upon  the  fame 
principles,  and  is  almoft  the  fame  in  every  particular. 
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bakes  that  of  seves ;  and  from  the  twentieth  fufion  he 
obtained  a  vitriform  matter  of  a  green  olive,  which  feetn- 
ed  to  be  a  true  glafs  of  filver.  This  metal,  when  heated 
with  the  focus  of  a  burning  lens,  always  prefented  a 
white  powdery  matter  at  its  furface,  and  a  greenifli  vi- 
treous covering  on  the  fupport  upon  which  it  was  placed. 
Thefe  two  facts  cannot  leave  a  doubt  of  the  changeabi- 
lity of  filver  :  though  it  be  much  more  difficult  of  cal- 
cination than  the  other  metallic  fubftances,  it  is  never- 
thelefs  fufceptible  of  converfion  in  time  into  a  white 
calx,  which,  urged  with  a  violent  fire,  gives  an  olive- 
coloured  glafs.  Perhaps  it  might  be  poffible  to  obtain  a 
calx  by  heating  this  metal  when  reduced  to  very  fine  la- 
mina in  a  matrafs,  as  it  is  done  in  the  cafe  of  mercury. 

Silver  fufters  no  change  from  the  atmofphere :  its 
furface  is  but  very  little  tarnimed  even  though  it  be 
long  expofed  ;  nor  has  water  any  action  upon  it.  The 
earthy  iubftances  do  not  combine  with  it :  it  is  probable 
that  its  calx  would  give  an  olive  colour  to  glafs  with 
which  it  was  made  to  enter  into  fufion.  The  faline 
earthy  matters  and  the  alkalis  have  no  fenfible  action 
upon  filver ,  nor  has  great  attention  been  paid  to  this 
fubjeft. 

The  vitriolic  acid  diflblves  filver  when  it  is  very  con- 
centrated and  boiling,  and  when  the  metal  is  in  a  flate  of 
great  divifion.  A  great  quantity  of  fulphureous  gas  is 
emitted  from  the  folution  :  the  filver  is  reduced  to  a 
white  fubftance,  upon  which  we  mufl  pour  fpirit  of  vi- 
triol to  obtain  a  folution.  By  evapoiaiion  very  fmall 
needles  of  vitriolum  lunas  cryflallife.  This  fait  fufes 
with  heat  :  it  is  very  fixed  :  it  is  decompofable  by  the 
alkalis,  iron,  copper,  zinc,  mercury,  &c.  All  the  pre- 
cipitates obtained  may  without  addition  be  reduced 
into  fine  filver  in  clofe  vefiels. 

The  nitrous  acid  diffolves  filver  with  rapidity,  and 
even  without  the  afiiftance  of  heat.  This  folution  goes 
on  fometimes  fo  rapidly,  that  to  prevent  its  inconveni- 
ences, the  filver  is  obliged  to  be  employed  in  a  mafs, 
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A  great  deal  of  nitrous  gas  is  difengaged,  and  a  more 
or  lefs  copious  white  matter  precipitates,  if  the  fpirit  of 
nitre  contain  any  portion  of  vitriolic  or  marine  acid. 
The  mtrous  acid  is  generally  coloured  blue  or  green: 
it  loies  this  colour,  and  becomes  tranfparent  when  the 
folution  is  finifhed,  and  pure  filver  has  been  employed  : 
but  when  the  filver  contains  copper,  there  is  a  greenifh 
made  more  or  Ms.    Frequently  the  pureft  filver  that 

,can  be  employed  contains  fome  gold  :  then  as  the  ni- 
trous acid  has  but  a  very  little  action  upon  gold,  as  it 
acts  upon  the  filver,  the  gold  is  feparated  from  it  in 
fmall  blackifh  flocci,  which  collect  at  the  bottom  of  the 

IvefTel,  and  are  pure  only  gold  unaltered. 

From  this  different  action  of  the  nitrous  acid  upon 
theie  two  metals,  it  is  fuccefsfully  employed  for  their  re- 
paration in  the  operation  of  parting  by  aqua  fords. 
The  nitrous  acid  can  take  up  more  than  the  half  of  its 

:  weight  of  filver.  This  folution  is  very  cauftic:  it  (tains 
the  epidermis  black,  and  entirely  corrodes  it  *.  When 
it  is  very  copious,  it  depofites  fmall  brilliant  cryRals  like 
fedative  fait  :  by  evaporation  to  half  its  quantity,  it  gives, 
by  cooling,  flat  cryftals,  which  are  either  hexagons,  tri- 

i  angles,  or  fquares,  and  which  feem  formed  of  a  great 
number  of  fmall  needles  adhering  fidewife.  Thefe  la- 
minae are  placed  obliquely  upon  one  another.  They 
are  tranfparent  and  very  cauftic  ;  called  nltrum  argenti, 
nttrum  lunar    cryftalli  lima.   This  fait  is  readily  altered 

*  Bcfides  (laining  the  (kin,  the  folution  of  filver  in  nitrous  acid 
flains  vegetable  matters,  and  many  kinds  "of  (lone.  It  is  now  nfed 
tn  mark  linen  for  the  bleachfield,  where  the  procefs  of  bleaching,  in- 
ftead  of  effacing  the  colour,  increafes  the  deepnefs  of  the  (hade.  This 
additional  ftrcngth  of  colour  proceeds  from  the  influence  of  the  fun's 
light  upon  the  metal  in  the  fait,  to  which  it  furnifties  phlogifton  ; 
and  if  any  part  be  (haded  from  the  fun,  it  will  remain  colourlefs. 
When  agatea  and  other  (tones  are  fiaioed,  they  muft  alfo  be  expoied 
to  the  light  before  the  folution  makes  any  change.  It  is  clear  that 
the  filver  acquires  phlogifton,  as  in  fome  cafes  metallic  particles  arc 
revived  merely  by  expofure  to  the  rays  of  the  fun.  From  the  cor- 
rofion  of  the  (kin  by  lunar  cauftic,  the  detached  phlogifton  adheres  to 
the  filver  and  gives  the  deep  colour. 
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by  the  contact  of  the  light,  and  blackened  by  combu- 
ftible  vapours.  If  it  is  put  upon  a  burning  coal,  it  de- 
tonates, and  leaves  a  whire  powder,  which  is- pure  filver. 
It  is  very  fufible.  If  it  is  expofed  to  the  fire  in  a  cru- 
cible, at  firft  it  bubbles  up  upon  lofing  the  water  of  its 
cryftals  ;  then  it  remains  in  tranquil  fufion.  If  in  this 
ftate  it  is  left  to  cool,  it  forms  into  a  grey  mafs,  having 
fiightly  the  appearance  of  needles,  and  forms  a  prepara- 
tion known  in  pharmacy  and  furgery  by  the  name  of 
lapis  infernalis.  It  is  not  necefiaryto  ufe  cryftalli  lunae, 
which  are  very  tedious  to  make  and  very  expenfive  ;  it 
is  fufficient  to  evaporate  to  drynefs  a  folution  by  the  ni- 
trous acid,  to  put  the  refiduum  into  a  crucible  or  fil- 
ver veffel,  as  M.  Baume  dire&ed,  and  to  heat  it  flowly 
till  it  be  in  perfect  fufion ;  then  it  is  run  into  ingot 
molds,  to  give  it  the  form  of  fmall  cylinders.  If  the 
flicks  of  lapis  infernalis  are  broken,  it  is  obferved  that 
they  are  formed  of  needles,  which  divide  in  rays  from 
the  centre,  feeming  to  terminate  at  the  circumference. 
The  nitrum  lunare,  in  the  preparation  of  the  lapis  infer- 
nalis, mufl  not  be  long  heated  :  without  this  precaution, 
a  part  of  it  is  decompofed,  and  a  button  of  filver  is  found 
at  the  bottom  of  the  crucible. 

In  order  to  obferve  what  paffes  in  the  operation,  I 
diftiiled  cryftalli  lunse  in  a  pneumato-chemical  appara- 
tus. They  gave  me  fome  nitrous  gas,  and  a  great 
quantity  of  dephlogifticated  air,  the  pureft  that  I  know. 
In  my  matrafs  1  found  the  filver  entirely  reduced  ;  the 
glafs  had  put  on  the  opacity  of  enamel,  and  was  of  a 
fine  marrone  brown  colour.  This  brown  colour  is 
furely  owing  to  manganefe  or  fome  other  fubftance  con- 
tained in  the  glafs ;  for  the  colour  of  the  glafs,  formed 
by  the  calx  of  filver,  inclined  to  an  olive  green,  as  has 
been  already  obferved. 

Nitrum  lunare  expofed  to  the  air  does  not  attract  hu- 
midity ;  it  very  eafily  diffolves  in  water,  and  may  be 
cryftallifed  by  a  flow  evaporation. 

The  nitrous  folution  of  filver  is  decompofed  by  the 
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faline  earthy  and  alkaline  fubftances  ;  but  with  very 
different  phenomena,  according  to  their  Hate.  Lime- 
water  forms  a  very  copious  olive  precipitate.    The  ae- 
rated fixed  alkalis  precipitate  it  white  ;  the  cauflic  vo- 
latile alkali,  of  a  grey  inclining  to  an  olive-green.  Al- 
though the  nitrous  acid  has  manifeftly  the  ftrongeft  ac- 
tion upon  filver,  it  has  not  the  greateft  adhefion  and  af- 
finity with  it :  the  vitriolic  and  marine  acids  are  capable 
of  carrying  off  the  filver  with  which  it  is  combined. 
For  that  reafon,  by  pouring  a  few  drops  of  thefe  acids 
into  a  nitrous  folution  of  filver,  a  precipitate  in  a  white 
powder  is  formed  when  the  vitriolic  acid  is  ufed  ;  and 
in  thick  flocci,  like  a  coagulum,  by  the  ufe  of  the  ma- 
rine.   In  the  firfl  cafe,  vitriolum  argenti  is  formed  ;  in 
the  fecond,  a  marine  fait  of  filver.   Thefe  two  fahs,  not 
being  very  foluble,  are  precipitated.    It  is  not  necef- 
fary  to  ufe  the  vitriolic  and  marine  acids,  uncombined, 
to  effecl:  thefe  decompofitions ;  for  this  purpofe,  the 
neutral  falts,  refulting  from  their  union  with  the  alkalis 
and  earths,  may  be  employed  :  hence  a  double  decom- 
pofition  and  combination  takes  place  ;  the  nitrous  acid 
feparating  from  the  filver,  unites  with  the  bafe  of  the 
vitriolic  and  marine  falts. 

Upon  this  difference  of  relation  between  the  acids 
i  and  filver,  a  procefs  is  formed,  which  is  ufed  to  obtain 
a  very  pure  nitrous  acid,  exempt  from  the  mixture  of 
other  acids,  and  fuch  as  is  required  in  feveral  metallur- 
gical operations,  and  in  moft  part  of  chemical  inveftiga- 
tions.    As,  in  diftilling  nitrous  acid,  it  rarely  happens 
that  a  certain  part  of  the  vitriolic  or  marine  acid  does 
not  come  over  along  with  it,  chemifts  have  found  me- 
thods of  feparating  thefe  foreign  fluids;  and  for  this 
purpofe  make  ufe  of  the  nitrous  folution  of  filver  with 
great  advantage.    A  nitrous  folution  of  filver  is  pour- 
ed into  the  impure  nitrous  acid,  till  no  farther  precipi- 
tation is  occafioned  :  the  precipitated  vitriol  of  filver,  or 
horn-filver,  is  allowed  to  fubfide ;  the  acid  is  poured 
pff,  and  duTolved  with  a  gentle  heat,  to  feparate  the 
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fmall  portion  of  lunar  falts  which  it  may  contain.  What 
is  obtained  is  very  pure  nitrous  acid  $  it  is  called  aqua- 
fortis -prcecipitata. 

The  greatefl  part  of  the  metals  are  capable  of  de- 
compofmg  the  nitrous  folutionof  filver,  in  confequence 
of  their  fuperior  affinity  with  the  nitrous  acid.  The 
arfenical  neutral  fait,  diflblved  in  water,  produces,  in 
a  nitrous  folution,  a  reddifh  precipitate,  formed  by  the 
union  of  the  filver  with  the  arfenic.  This  precipitate 
imitates  the  red  ore  of  filver.  Silver  is  obtainable  in  its 
metallic  Mate  by  precipitation  with  moft  of  the  metals 
and  femimetals  ;  but  as  the  feparation  only  of  this  per- 
fect metal  by  means  of  mercury  and  copper  is  of  any  im- 
portance, it  is  to  be  confidered  here  on  account  of  the 
phenomena  of  the  firft  and  the  utility  of  the  fecond. 

Silver,  feparated  from  the  nitrous  acid  by  means  of 
mercury,  is  in  its  metallic  ftate ;  and  the  flownefs  of 
its  precipitation  gives  rife  to  a  particular  fymmetrical 
arrangement,  called  arbor  Dia?i<z,  or  arbor  philofophorum. 
There  are  feveral  proceffes  for  obtaining  this  cryftalliza- 
tion.    Lemery  directed  an  ounce  of  fine  filver  to  be 
diflblved  in  moderately  ftrong  nitrous  acid  ;  which  fo- 
lution is  to  be  diluted  with  about  twenty  ounces  of  di- 
ftilled  water ;  then  two  ounces  of  mercury  are  to  be 
added.    In  forty  days,   a  very  beautiful  vegetation 
forms.    Homberg  has  given  a  much  fliorter  procefs. 
An  amalgam,  made  in  the  cold  with  four  gros  of  filver 
in  thin  plates,  and  two  gros  of  mercury,  is  diffolved  in 
a  fufficient  quantity  of  nitrous  acid  ;  to  this  folution  a 
pound  and  a  half  of  diftilled  water  is  added.    Into  an 
ounce  of  this  liquor  a  fmall  ball  of  a  foft  amalgam  of 
filver  is  immerfed,  and  the  precipitation  of  the  filver 
almoft  inftantly  takes  place.    The  precipitated  filver, 
united  with  a  portion  of  mercury,  falls  in  filaments,  as 
if  prifmatic,  upon  the  furface  of  the  amalgam;  oiher 
filaments  lay  themfelves  upon  the  firft,  in  fuch  a  man- 
ner as  to  imitate  a  vegetation  in  form  of  trees.  Laftly, 
M.  Baume  has  defcribed  a  method  of  obtaining  Diana's 
tree  j  in  which  there  is  a  little  difference  from  Horn- 
berg's 
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berg's  procefs,  and  which  fucceeds  more  certainly. 
He  directs  mixing  fix  gros  of  a  folution  of  filver,  and 
four  gros  of  a  folution  of  mercury,  by  the  nitrous  acid, 
both  faturated,  and  to  add  to  them  five  ounces  of  diftil- 
led  water,  and  to  pour  them  into  a  glafs  veffel  upon 
fix  gros  of  an  amalgam,  made  with  fcven  parts  of  mer- 
cury and  one  of  filver.  Thefe  two  methods  fucceed 
with  much  more  readinefs  than  thofe  of  Lemery,  by 
the  reciprocal  action  and  relation  between  the  metallic 
fubftances.  The  mercury  contained  in  the  folution  at- 
tracts that  of  the  amalgam  ;  the  filver  contained  in  this 
laft  alio  acts  upon  that  contained  in  the  folution ;  and 
from  thefe  attractions  a  more  ready  precipitation  of  the 
filver  takes  place.  The  mercury  which  makes  part  of 
the  amalgam  being  more  abundant  than  would  be  ne- 
ceffary  to  precipitate  the  filver  from  the  folution,  pro- 
duces a  third  effect  of  very  important  confideration  :  it 
is  that  which  attracts  the  filver,  by  the  affinity  and  ten- 
dency which  it  has  to  combine  with  this  metal :  it  effec- 
tually combines  with  it,  Diana's  tree  being  only  a  brit- 
tle cryftallifed  amalgam.  This  cryitallization  fucceeds 
much  better  in  conical  veffels,  as  of  glafs,  than  in  round 
or  wide  veffels,  fuch  as  the  cucurbit  recommended  by 
M.  Baume.  It  is  found  alfo  neceffary  to  keep  the  vef- 
fel  in  which  the  experiment  is  made,  from  agitation, 
which  might  oppofe  the  fymmetrical  arrangement  of 
the  amalgam. 

Copper,  put  into  a  folution  of  filver,  likewife  preci- 
pitates this  metal  in  its  brilliant  and  metallic  form.  This 
procef^  is  generally  employed  to  feparate  the  filver  from 
its  folvent,  after  the  parting  is  finifhed.  Copper  plates 
are  deeped  in  the  folution,  or  rather  the  folution  is  put 
into  copper  veffels :  the  filver  inftantly  feparates  in  tufts 
of  a  whitifh  grey  colour.  The  liquor  is  decanted  when 
it  is  blue,  and  no  more  filver  precipitates.  The  filver  is 
warned  with  feveral  waters  :  it  is  fufed  in  crucibles,  and 
then  fubmitted  to  cupellation  with  lead,  to  feparate  a 
portion  of  copper  to  which  it  is  united  in  the  precipita- 
tion. 
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tion.  The  filver  thus  procured  is  the  pureft  of  all :  it 
is  twelve  marks  fine.  From  thefe  two  precipitations 
by  mercury  and  copper,  it  is  clear,  that  the  metals,  fe- 
parated  from  their  menflrua  by  metallic  fubltances,  are 
precipitated  with  all  their  properties  *. 

The  marine  acid,  in  its  ftate  of  fluidity,  does  not 
immediately  diffolve  filver  ;  but  it  appears  very  fufcep- 
tible  of  diffolving  it  when  in  the  ftate  of  a  gas ;  as  the 
operation  of  the  concentrated  parting  mows,  which  con- 
Ms  in  expofing  to  the  fire  golden  laminae  alloyed  with 
filver,  cemented  with  a  mixture  of  martial  vitriol  and 
common  fait :  the  vitriolic  acid  difengages  the  fpirit  of 
fait,  which  directs  its  aclion  to  the  filver,  and  dilTolves 
it.  The  following  is  a  much  more  ready  and  more  eafy 
procefs  for  combining  the  marine  acid  with  filver.  Some 
fpirit  of  fait  is  poured  into  a  nitrous  folution  of  filver :  the 
very  copious  precipitate  which  is  inftantly  formed,  is  the 
combination  of  the  marine  acid  and  filver,  which  has  a 
greater  affinity  with  it  than  with  that  of  nitre,  and  which 
consequently  quits  this  laft  to  unite  with  the  marine. 
The  fame  combination  is  obtainable  by  pouring  fome  ma- 
rine acid  into  a  folution  of  vitriol  of  filver;  becaufe  this 
acid  has  a  greater  affinity  with  the  metal  than  the  vitri- 
olic has.  The  marine  acid  may  alfo  be  combined  with 
it,  by  heating  it  upon  a  calx  of  this  metal  precipitated 
from  the  nitrous  acid  by  fixed  alkali. 

The  marine  fait  of  filver  has  feveral  properties  which 
it  is  of  importance  to  know.  It  is  remarkably  fufible. 
When  it  is  expofed  in  a  phial  to  a  gentle  fire,  as  upon 
i  hot 

*  When  the  filver  is  precipitated  from  acid  of  nitre  by  means 
of  copper,  we  find  that  one  part  of  copper  is  fufficitnt  to  precipitate 
three  parts  of  filver,  and  to  faturate  all  the  acid  which  held  the  fil- 
ver difiblved.  In  this  cafe,  moft  authors  obferve,  that  the  filver  is 
not  quite  pure,  but  contains  a  fmall  quantity  of  copper ;  as  indeed, 
in  almoft  all  precipitations,  fome  of  the  precipitant  adheres  to  the 
precipitate.  The  filver  is  found,  in  a  metallic  flate,  divided  into  ex- 
tremely minute  particles  ;  and  upon  this  account  employed  in  cold 
filvering,  where  the  filver  is  applied  to  the  furface  of  other  metals  by 
means  of  detergent  falts,  which  clear  them  of  all  impurities. 
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hot  cinders  f,  it  fufcs  into  a  grey  femitranfparent  fub- 
ftance,  very  fimilar  to  horn ;  and  for  that  reafon  it  is 
called  luna  cornea.  If  it  is  run  upon  a  porphyry,  it  fixes 
into  a  triable  fubftance,  as  if  cryltallifed  into  argentine 
needles.    If  it  is  long  heated  with  the  contact  of  air,  it 
is  decompofed  :  it  eafily  paffes  through  the  crucibles  ; 
a  part  is  volaralifed,  and  another  is  reduced  into  metals, 
and  gi^es  globules  of  filver,  fet  in  the  portion  of  luna 
jcornea  not  decompofed.    Luna  cornea,  expofed  to  the 
lair,  lofes  its  white  colour,  and  very  foon  turns  brown. 
It  diflblves  in  water  but  in  very  fmall  quantity ;  fince 
a  pound  of  boiling  diftilled  water  takes  up  three  or  four 
grains,  according  to  experiments  of  Monnet.    The  al- 
| kalis  are  capable  of  decompofing  luna  cornea  dilfolvcd 
in  water,  or  treated  with  heat,  along  with  thefe  falts : 
this  is  a  means  employed  for  obtaining  the  pureft  and 
fineft  filver  which  we  know.  A  mixture  of  four  parts  of 
fixed  alkali,  and  one  of  luna  cornea,  is  put  into  a  cru- 
cible, and  fufed':  when  it  is  in  proper  fufion,  it  is  taken 
Tom  the  fire,  left  to  cool,  and  broken  :  the  filver  is  fe- 
sarated,  which  is  found  below  the  febrifugal  fait  form- 
ed by  the  operation,  and  the  fuperabundant  alkali  em- 
j ployed.    M.  Baume,  the  author  of  this  procefs,  fays, 
(that  the  quantity  of  alkali  which  he  prefcribes  prevents 
the  luna  cornea  from  paffing  through  the  crucible,  by 
acting  upon  all  its  parts,  which  it  decomposes  at  once. 
M.  Margraaf  has  obferved,  that  the  concrete  volatile 
ialkali,  when  mixed  with  luna  cornea,  does  not  decom- 
ipofe  it,  but  that  it  unites  without  precipitating  the  fil- 
Iver.    This  combination  feems  to  refemble  the  fal  alem- 
broth,  according  to  M.  Macquer.    The  Berlin  chemift 
:  uft  now  mentioned  has  given  another  procefs  for  the 
reduction  of  luna  cornea,  and  for  obtaining  the  filver 

per- 

f  It  is  proper  to  call  to  mind  here,  that  the  molt  part  of  the  me- 
tallic combinations  with  marine  acid  exhibit  this  property.  Many 

3f  them  are  in  fad  fufible  enough  to  merit  the  name  of  butters,  which 
irias  been  given  them  by  chemifts ;  fuch  arc  the  butters  of  arfenic, 

oifmuth,  antimony,  zinc,  and  tin,  &c. 
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perfectly  pure.  Five  gros  fixteen  grains  are  triturated  in 
a  mortar,  with  an  ounce  and  a  half  of  concrete  volatile 
alkali,  making  an  addition  of  as  much  water  as  will  form 
a.pafle:  the  mixture. is  ftirred  till  the  effervefcence 
ceafe  ;  then  three  ounces  of  very  purified  mercury  are 
added  ;  and  the  whole  triturated  till  we  perceive  a  fins 
amalgam  of  filver :  it  is  waflied  with  water,  then  trituJ 
rated,  and  the  waffling  renewed,  till  the  water  come  off 
clear,  and  the  amalgam  be  very  brilliant ;  then  this  laft 
fubftance  is  dried,  and  diflilled  in  a  retort,  till  the  vefl 
fel  be  of  a  white  red:  the  mercury  pafTes  over  into  the' 
receiver,  and  the  filver  is  found  pure  at  the  bottom  of 
the  retort.  In  this  way  filver  is  obtained  in  perfect  pu- 
rity, and  without  any  fenfible  lofs.  It  is  this,  filver  which 
fhould  be  ufedfor  delicate  chemical  experiments.  The 
water  made  ufe  of  for  warning  the  mixture  has  taken 
along  with  it  two  fubftances;  a  certain  quantity  of  fal 
ammoniac,  which  it  holds  infolution,  and  a  white  powder, 
which  it  cannot  diflblve.  When  this  powder  is  fubli- 
med,  a  fmall  quantity  of  filver  is  found  at  the  bottom 
of  the  fubliming  veffel.  This  experiment  proves,  that 
luna  cornea  is  not  completely  decompofed  except  by 
means  of  a  double  affinity;  and  in  fact,  in  Margraaf's 
procefs,  the  volatile  alkali  unites  with  the  marine  «cid, 
only  becaufe  the  filver  combines  upon  its  part  with 
the  mercury,  which  attracts  and  folicits  it  to  quit 
the  acid,  which  the  alkali  alone  cannot  effect.  But  it 
is  evident,  that  this  tedious  and  expenfive  operation 
cannot  be  made  ufe  of  except  in  fmall,  as  in  our  labo- 
ratories. If  luna  cornea  were  to  be  reduced  in  great 
quantities,  either  the  fixed  alkalis,  or  fome  of  the  me- 
tallic fubftances,  would  be  employed,  the  moft  part  of 
which  has  more  affinity  with  the  marine  acid  than  fil- 
ver has.  Among  the  reft  of  this  fort,  are  regulus  of 
antimony,  lead,  tin,  and  iron,  &c.  If  one  part  of  luna 
cornea,  and  three  of  any  other  fubftances,. are  mixed  in 
a  crucible,  the  filver  is  found  reduced  at  the  bottom  of 
the  crucible,  and  the  metal  employed,  united  with  the 
t  marine 
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marine  acid,  above  it.  The  filver  thus  feparated  is 
very  impure.  It  contains  always  a  portion  of  the  me- 
tal ufed  for  reduction  ;  and  as  lead,  which  is  directed 
by  Kunckel,  is  mod  generally  employed,  the  filver  thus 
obtained  requires  cupellation  ;  and  by  this  means  never 
can  be  brought  to  that  purity  of  which  it  is  capable  by 
the  alkalis  or  Margraaf 's  procefs. 

Aqua  regia  acts  vety  well  upon  filver,  which  precipi- 
tates as  the  folution  goes  on.  This  effect  is  very  eafily 
conceived :  the  nitrous  acid  fir  ft  diffolves  the  filver  which 
is  taken  from  it  by  the  marine,  forming  luna  cornea, 
which  is  depofited  on  account  of  its  little  folubility :  in 
this  way  may  filver  be  feparated  from  gold. 

The  action  of  the  other  acids  upon  filver  is  not  well 
known  ;  only  that  a  folution  of  borax  produces  a  very 
copious  white  precipitate  in  a  folution  of  this  metal  in 
nitrous  acid,  which  is  owing  to  a  combination  of  feda- 
tive  fait  and  calx  of  filver. 

This  metal  feems  to  be  unalterable  by  the  neutral 
falts ;  at  leaft  it  is  fo  far  certain,  that  it  does  not  deto- 
nate with  nitre,  nor  decompofe  fal  ammoniac.  This 
unalterability  of  filver  by  nitre  furnilhes  a  good  way  of 
getting  rid  of  the  imperfect  metals  which  may  happen 
to  be  united  with  it  by  mean?  of  their  calcination  ;  fuch 
jas  copper,  lead,  &c.  The  filver  too  much  alloyed  is 
jfufed  with  nitre :  this  fait  detonates,  and  burns  the  im- 
perfect metals ;  and  the  filver  is  found  at  the  bottom  of 
the  crucible:  it  is  much  purer  than  it  was  before. 

Almoft  all  the  combultiblc  matters  have  a  more  or 
lefs  rei.iarkable  action  upon  filver.  No  metal  is  more 
quickly  tarnilfied  by  inflammable  matters.  Hepatic 
gas,  from  whatever  fubftance  it  is  produced,  gives  it, 
as  foon  as  it  touches  it,  a  blue  or  violet  colour  inclining 
to  black,  and  diminifhes  its  ductility.  It  is  a  matter  of  • 
obfervation,  that  animal  hepatic  vapours,  fuch  as  thofe 
of  privies,  of  putrrefied  urine,  warm  eggs,  produce  the 
fame  effects  upon  it.  The  reciprocal  action  of  thefe 
two  bodies  has  not  yet  been  examined,  nor  the  kind  of 
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combination  formed.  Sulphur  combines  very  well  with 
it.  For  this  purpofe  filver  plates  are  unratified  with  flowers 
of  fulphur,  and  quickly  fufed  ;  a  mafs  of  a  violet  black 
refults,  much  more  fufible  than  the  filver,  brittle,  and 
difpofed  in  needles  ;  in  fhort,  a  true  artificial  ore.  This 
combination  is  eafily  decompofed  by  the  action  of  fire, 
on  account  of  the  volatility  of  the  fulphur  and  the  fixity 
of  the  filver:  the  fulphur  is  confumed  and  diffipated, 
and  the  filver  remains  pure.  Liver  of  fulphur  diffolves 
this  metal  in  the  dry  way  ;  by  fufing  one  part  of  filver 
with  thriEe  of  liver  of  fulphur,  the  metal  disappears,  and 
may  be  diflblved  in  water  along  with  the  liver.  If  an  acid 
is  poured  into  this  folution,  a  fulphureous  black  precipi- 
tate of  filver  is  obtained.  Silver-leaf,  put  into  liquid  liver 
of  fulphur,  very  foon  afifumes  a  black  colour ;  and  it 
feems  that  the  fulphur  leaves  the  alkali  to  unite  with 
and  mineralife  the  filver,  as  we  have  already  feen  with 
regard  to  mercury. 

Silver  unites  with  arfenic,  which  renders  it  brittle. 
The  a&ion  of  the  arfenical  acid  upon  it  is  not  known. 
It  difficultly  combines  with  cobalt.  It  alloys  very  well' 
with  bifmuth,  with  which  it  forms  a  brittle  mixed  me- 
tal, whofe  fpecific  gravity  is  greater  than  that  of  the 
two  metals  taken  feparately. 

According  to  M.  Cronftedt,  it  does  not  unite  with 
nickel :  thefe  metals,  fufed  together,  lie  at  the  fide  of 
one  another,  as  if  their  fpecific  gravity  was  perfe&ly 
identical. 

It  fufes  with  regulus  of  antimony,  and  forms  a  very 
brittle  alloy.  It  feems  capable  of  decompofing  the  an- 
timony, and  of  uniting  with  its  fulphur,  with  which  it 
has  more  affinity  than  with  the  regulus.  Zinc  eafily 
combines  with  filver  by  fufion  ;  and  a  very  brittle  alloy, 
granulated  at  its  furface,  refults  from  this  combination. 

In  mercury  it  diffolves  completely,  even  in  the  cold  : 
filver-leaf  is  mixed  with  it ;  and  an  amalgam  inftant-  j 
ly  refults,  varying  in  confidence,  according  to  the 
refpeclive  quantity  of  the  two  fubftances  employed.  > 
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This  amalgam  is  fufceptible  of  a  regular  form  by  fu- 
fion  and  flow  cooling :  it  yields  three-fided  prifmatie 
zryflals,  terminated  by  fimilar  pyramids.  The  mercury 
ttffttm.es  a  fort  of  fixity  in  this  combination  ;  for,  in 
Drder  to  feparate  it  from  the  filver,  a  more  confiderable. 
degree  of  heat  is  required  than  that  which  it  requires 
for  volatilifation  per fe.  Silver  can  decompofe  con-o- 
live fubJimate,  both  by  the  dry  and  moift  way.  Itper- 
-ectly  unites  with  tin,  by  which  it  is  totally  deprived  of 
Ul  its  ductility.  It  alloys  readily  with  lead,  which  renders 
it  very  fufible,  and  deprives  it  of  its  elafticity  and  fono- 
rous  quality.  It  alloys  with  iron;  which,  although  little 
axamined,  yet  might  perhaps  become  of  great  ufe  in 
ihe  arts. 

Silver  is  a  metal  which  is  of  fingular  utility  on  account 
^f  its  ductility  and  its  indeftrucYibility  by  the  fire  and  air. 
ts  brilliancy  recommends  it  as  a  beautiful  ornament.  It 
s  applied  upon  the  furface  of  different  bodies,  and  alfo 
ipon  copper.  Stuffs  are  wrought  with  it,  and  have^heir 
>eauty  heightened.  But  its  moft  important  ufe  is  to 
brm,  by  its  hardnefs  and  ductility,  velfels  of  all  forms, 
lable-filver  is  generally  alloyed  with  a  twenty-fourth 
of  copper,  which  gives  it  more  hardnefs  and  adherence; 
ixpofing  the  health  to  no  inconvenience,  becaufe  the 
wenty-three  parts  of  filver  cover  and  entirely  deftroy 
he  deleterious  properties  offFie  copper.  \ 

Laftly,  Silver  is  employed  as  the  price  of  all  mer- 
chandifes,  and  is  formed  into  money  ;  but  in  this  cafe 
t  is  alloyed  with  a  twelfth  of  copper,  and  is  called  filver 
\f  eleven  marks. 

LECTURE  XLI. 
Species  14.  Gold. 

GOLD,  or  Sol  of  the  chemifts,  is  the  molt  perfect 
and  moft  unchangeable  metal  known:  it  is  of  a 
brilliant  yellow  colour.    It  is  the  heavieft  body  in  na- 
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ture;  it  lofes  only  between  a  nineteenth  and  a  twen.f 
tieth  part  of  its  weight  in  water.  Its  hardnefs  is  not  1 
very  confiderable,  as  alfo  its  elaiticity.  Its  aftonifhing  I 
ductility,  fo  confpicuous  in  the  art  of  wire-drawing  and  j 
of  gold-beating,  is  fo  great,  that  one  ounce  of  it  is  able  to] 
gild  a  (liver  thread  444  leagues  long;  and  it  may  be  conl 
verted  into  leaves  which  the  wind  may  carry  away.  Ai 
grain  of  gold,  according  to  Lewis's  calculation,  can  be  J 
made  to  cover  a  fpace  of  more  than  400  fquare  inches. f 
It  is  the  moft  tenacious  of  all  the  metals ;  a  weight  of  J 
500  pounds  being  fupported  by  a  thread  of  it  only! 
one-tenth  of  an  inch  in  diameter,  before  breaking, 
ftiffens  eafily  under  the  hammer ;  but  nealing  reftorem 
all  its  ductility. 

The  colour  of  gold  is  fufceptible  of  a  great  number!] 
of  varieties :  there  is  fome  of  it  more  or  lefs  yellow  off] 
pale;  fome  of  it  which  inclines  almofl:  to  white:  it  is] 
fuppo fed  that  thefe  differences  depend  upon  fome  fo- 1 
reign  fubflance.  Gold  has  neither  fmell  nor  tafte :  itij 
is  fufceptible  of  cryftallization,  by  cooling,  into  moral 
quadrangular  pyramids.  In  this  form  it  was  obtained  j 
by  Meffrs  Tillet  and  Mongez. 

Gold  is  found  always  pure  in  nature.  It  is  fometimes 
found  in  fmall  ifolated  or  continued  mafles,  and  fcat-l 
tered  in  quartz:  at  other  times,  it  is  in  fmall  pieces >i 
amongft  the  fand  at  the  bottom  of  waters :  laftly,  it  ifll 
got  from  feveral  ores,  into  whofe  compofition  it  enters  ;tj 
fuch  as  the  galenas,  the  blendes,  red  ores  of  filver,  ancUi 
native  filver.  It  is  united  almoft  always  with  a  certain:! 
quantity  of  filver,  and  forms  a  kind  of  natural  alloy. 

Mineralogifts  diftinguifh  feveral  varieties  of  nativefcj 
gold,  in  plates,  in  grains,  in  oclae'dral  cryftals,  in  prifmsH 
with  four  flriated  fides,  in  threads,  and  in  irregulam 
maffes.  M.  Sage  thinks,  that  prifmatic  native  gold  is> 
combined  with  a  certain  quantity  of  mercury,  which  I 
renders  it  brittle. 

The  effaying  of  a  gold-ore  mould  differ  according  to 
its  nature:  if  it  is  native  gold,  pulverifation  and  wafhing  <\\ 

i'ufEce  jri 


CHEMISTRY.  109 

iiffice;  if  gold  is  alloyed  with  other  metals,  the  ore  muft 
>e  roafted,  fufed,  and  cupelled  with  lead,  and  parted. 

The  way  in  which  gold  is  extracted  from  its  ores  is 
rery  eafily  conceived,  from  what  has  been  already  faid 
ipon  metallurgy.  Native  gold  requires  only  fepara- 
ion  from  its  matrix.  For  this  purpofe  it  is  taken 
o  the  (tamping- mill :  it  is  warned,  to  carry  away  the 
natrix,  which  has  been  reduced  into  powder ;  it  is 
)rayed  in  a  veftel  full  of  water,  with  ten  or  twelve  parts 
)f  mercury ;  the  water  is  made  to  run  off,  and  carries 
iway  every  thing  which  is  earthy.  When  this  amal- 
gam, which  is  formed  in  the  operation,  is  freed  of  all 
he  earth,  and  it  appears  very  pure,  it  is  fqueezed 
hrough  fhamoy  leather ;  a  good  part  of  the  mercury 
jaffes  through,  and  the  gold  remains  united  with  a  cer- 
ain  quantity  of  it.  The  amalgam  of  gold  is  heated, 
md  the  mercury  feparated  by  diftillation  ;  then  the  pure 
*old  is  fufed  which  refults  from  this  operation,  and 
run  into  bars  or  ingots.  With  regard  to  the  gold  which 
s  found  combined  in  the  ores  of  other  metals,  as  in 
hole  of  lead  and  copper,  it  is  extracted  by  cupcllation 
md  parting  from  the  former  ;  and  the  lead,  which  runs 
3fF  during  the  liquation  of  the  copper,  carries  away  the 
nlver,  and  gold ;  then  it  is  cupelled,  and  the  filver  is 
feparated  by  parting  *. 

H  3  Gold 

*  Befides  parting  by  quartation,  there  are  two  other  kinds  of  part- 
ing pradifed  in  trade,  the  concentrated  parting  and  the  dry  part- 
ing. The  concentrated  parting  confifts  in  expofing  the  metal  to 
very  ftrorg  acid  fumee,  by  cementation  with  a  mixture  of  proper 
materials.  The  mixture  is  o  compound  of  calcined  vitriol  and  nitre 
well  rubbed  together  in  powder.  Some  of  this  is  put  into  a  cement- 
ing pot,  and  the  piece  of  gold  to  be  purged,  beat  into  the  fize  of  a 
common  coin,  is  laid  over  it,  and  layers  of  the  metal  and  corapofi- 
tion,  ftratified  alternately,  till  the  vtflel  be  full.  By  raifing  the 
fire,  the  vitriol  ads  upon  the  nitre,  and  fets  the  acid  free  ;  and 
thofc  acid  vapours  inftantly  penetrate  the  metallic  mafs,  and  diffolve 
the  filver.  It  is,  however,  obferved,  that  they  do  not  thoroughly 
pervade  the  whole,  dedroying  only  the  filver  which  lies  near  the  fur- 
face ■  •  fo  that  this  method  is  only  employed  when  nothing  but  a  fu- 
perficial  purity  is  wanted. 

Ia 
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Gold  expofed  to  the  fire  turns  red  long  before  fufion.l 
"When  it  is  very  red,  it  appears  brilliant  and  of  a  clear! 
green  colour,  refembling  the  beryl.  It  does  not  fufej 
till  it  be  of  a  white  red  :  cooled  flowly,  it  cryftallifesJ 
It  fuffcrs  no  alteration  whatever  by  the  ftrength  of  the! 
fire,  or  length  of  expofure  to  it,  fitfce  Kunckel  and} 
Boyle  kept  it  feveral  months  in  a  glafs-houfe  fire  with-| 
out  appearance  of  alteration.  However,  this  kind  of: 
unalierability  is  only  relative  to  the  fires  which  are  rnade^ 
by  means  of  combuftible  fubftances;  fince  there  ap-<j 
pears  no  doubt,  that  a  much  more  acYive  heat,  as  the. 
focus  of  burning  lenfes,  is  capable  of  depriving  gold  of} 
its  metallic  properties.  Homberg  obferved,  that  upon^J 
expofing  gold  to  the  focus  of  Tfchirnhaufen's  lens,  it! 
fmoked,  was  volatilifed.  and  even  vitrefied.  M.  Macquer': 
faw  gold  expofed  to  the  focus  of  M.  de  Trudaine's  lens 
fufed,  which  emitted  a  fume  that  gilded  filver,  and  was- 
gold  only  volatilifed  :  the  globule  of  gold,  when  fufed,. 

was] 

In  dry  parting,  the  alloy  of  gold  and  filver  is  granulated,  by  ma-'! 
king  the  melted  metal  run  from  a  crucible  into  water,  which  is  kept-, 
in  rotatory  motion,  fo  as  to  divide  the  metal  into  grains.  Three-; 
fourths  of  this  granulated  metal  is  rubbed  in  (lowers  of  fulphur, 
which  adheres  to  the  furface  while  wet  ;  and  this  is  put  into  a  cru-  i 
cible  over  the  (ire,  and  remelted  with  a  gradual  heat,  that  the  ful- 
phur may  penetrate  the  filver  without  dying  off ;  for  the  procefs 
proceeds  upon  the  principle  of  fulphur  uniting  with  filver,  while  itj 
Las  no  attraclion  for  gold.    After  the  heat  has  brought  the  fulphu- I 
rated  filver  into  thin  fufion,  the  gold-holding  granulated  filver  is  act-,: 
ded  by  degrees,  which,  as  it  melts,  diffufes  all  over  the  mafs,  and 
collects  the  particles  of  gold  which  were  interfperfed  in  the  fulphu-  : 
rated  filver,  and  precipitates  with  it  to  the  bottom  of  the  crucible 
For  although  filver  has  greater  affinity  to  fulphur,  and  combines  in- 
timately  with  it  by  a  kind  of  cementation,  it  does  not  eafily  mix 
with  fiilphurated  filver  which  is  already  in  fufion.    By  this  opera- 
tion, the  proportion  of  filver  to  gold  is  much  diminifiied,  and  the  I 
purification  may  afterwards  be  completed  in  the  ordinary  way.  This 
procefs  is  found  to  be  fo  ufeful  in  great  works,  that  at  Rammelfberg,  j 
where  100  pounds  of  ore  contain  about  40  pounds  of  tin,  and  the  tin  < 
1 10  grains  of  filver,  and  the  filver  one-third  of  a  grain  of  gold,  the 
tin  i3  wrought  off,  and  this  minute  quantify  of  gold  feparatcd  with, 
profit. 
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was  agitated  with  a  rapid  motion,  was  covered  with  a 
dull  pellicle,  wrinkled,  and  apparently  calcifonn  :  that 
at  lait  a  violet  vitrification  was  formed  in  its  middle. 
'This  vitrefication  gradually  increafed,  and  gave  rife  to 
a  fort  of  cap  of  a  greater  inflection  than  that  of  the  mafs 
of  gold  which  was  encafed  in  this  mafs,  as  the  tranf- 
parent  cornea  is  upon  the  fclerotic  coat.  This  glafs 
increafes  as  the  gold  diminifhes.  Upon  the  fupport  is 
always  found  fomewhat  of  a  purple  (lain,  which  ieerned 
to  be  owing  to  a  portion  of  glafs  which  had  been  ab- 
forbed,  M.  Macquer  has  not  yet  had  opportunity  to 
vitrefy  a  given  quantity  of  gold.  This  celebrated  che- 
mift  obferved,  that  it  was  necefTary  to  reduce  this  vio- 
let glafs  with  combuftible  matters,  in  order  to  be  afTu- 
'  red  of  its  containing  gold,  before  concluding  that  it 
;  was  the  calx  of  this  perfect  metal.  However  it  be,  it 
is  our  opinion,  that  it  is  a  true  vitrefied  calx  of  gold  ; 
;  and  with  the  firmer  foundation,  that  in  feveral  proceffes 
upon  this  metal,  which  we  mall  prefently  defcfibe,  it 
aflurnes  conftantly  the  purple  colour  ;  and  that  feveral 
of  its  preparations  are  employed  to  communicate  this 
colour  to  enamels  and  porcelain.  Like  the  other  me- 
tals, then,  gold  is  calcinable ;  only,  like  filver,  it  re- 
quires to  unite  with  the  air  a  more  intenfe  heat,  <md  a 
longer  time,  than  all  the  metallic  fubftances.  Thefe 
circurnflances  are,  without  doubt,  relative  to  its  den- 
fity.  •  t 

Gold  is  unchangeable  by  the  air;  its  furface  is  only 
tarnifhed  by  foreign  fubftances  which  float  inceflantly- 
in  it ;  nor  is  it  altered  by  water  in  any  degree.  From 
the  invefligations,  however,  of  M.  le  Compte  de  la 
Garaye,  it  appears  to  be  capable  of  dividing  it,  nearly 
in  the  fame  way  as  it  does  iron. 

Gold,  in  its  metaliic  ftate,  does  not  combine  with 
the  earths  and  faline  earthy  fubllances  ;  but  its  calx 
can  enter  into  the  compoiition  of  glafs,  to  which  it 
gives  a  violet  or  purple  colour. 

H  4  The 
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The  mod  concentrated  vitriolic  acid,  aided  even  by 
heat,  has  no  degree  of  power  over  this  perfect,  metal. 

The  nitrous  acid  may  take  up  fome  atoms  of  it  :  only,] 
perhaps,  in  a  mechanical  way,  rather  than  by  a  true] 
combination.    M.  Brandt  is  one  of  the  fir.t  chemiftg 
who  has  announced  its  folubility  in  this  acid:  Meffrs] 
Scheffer  and  Bergman  have  confirmed  it.    But  it  is  to] 
be  obferved,  that,  from  the  experiments  of  the  whole 
body  of  chemifts  of  the  Academy,  this  acid  takes  up 
the  gold  only  under  certain  circumftances,  which  thele 
gentlemen  have  not  yet  mentioned.     M.  Deyeaux,; 
member  of  the  College  of  Pharmacy,  has  difcovered, 
that  the  nitrous  acid  diflblves  gold  only  when  it  is  fmo- 
king  and  charged  with  nitrous  gas.    The  acid  in  this 
ftate  is,  in  his  opinion,  not  pure  :  he  calls  it  acid  char- 
ged with  gas,  and  compares  it  to  a  kind  of  aqua  regia. 

The  marine  acid  per  fe,  and  in  a  pure  Itate,  does 
not  fenfibly  zSl  upon  gold.  Meffrs  Scheele  and  Berg- 
man allures  us,  that  this  acid,  dephlogifticated  or  diflil- 
led  from  the  black  calx  of  manganefe,  which,  according 
to  thefe  chemifts,  feizes  upon  this-  acid's  phlogifton, 
diffolves  gold  like  aqua  regia,  and  with  this  metal 
forms  the  fame  fait  which  is  ufually  produced  by  em- 
ploying this  fame  mixed  acid.  Thefe  experiments  have 
not  yet  been  repeated  in  an  accurate  manner ;  and  the 
refult  of  thefe  experiments  has  not  yet  received  the 
fanclion  of  chemifts,  which  ought  to  eftablilh  the  re- 
liance upon  them  which  they  deferve  *. 

Aqua  regia  is  Hill  looked  upon  as  the  true  folvent  of 
gold.  We  (hall  not  repeat  what  we  have  elfewhere  faid 
upon  the  nature,  properties,  and  differences  of  this  mixed 
acid,  according  to  the  quantity  of  the  two  acids  combi- 
ned for  its  formation.    Here  we  fliall  take  notice  only 

of 

*  Our  learned  autlior  feems  bere  to  entertain  great  doubt  of  the 
folubility  of  this  perfeft  metal  in  the  acid  in  this  ftate.  It  is  a  fad 
of  which  he  might  have  fatisficd  himfclf  with  the  greateft  facility. 
There  it*  no  metal  whatever  which  marine  acid,  thus  dephlogiftica- 
ted, will  not  diflblve  ;  and  it  very  readily  ads  upon  gold  when  con- 
veniently expofed  to  its  a&ion. 


CHEMISTRY.  113 

of  its  aclion  upon  gold.  As  foon  as  aqua  regia  comes 
into  contact  with  this  metal,  ir  attacks  it,  raifing  an  ef- 
ferveicence,  which  is  greater  or  lefs,  according  to  its 
concentration,  the  heat,  and  the  divifion  of  the  gold. 
An  acceleration  of  the  procefs  may  be  produced  by 
heat,  or  at  lead  the  heat  may  favour  the  commence- 
ment of  their  action.  The  air  bubbles  rife  without 
interruption,  till  a  portion  of  the  metal  is  diffolved. 
This  action  gradually  flops  till  agitation  or  heat  be  em- 
ployed. The  gas  difengaged  in  this  folution  has  not 
been  examined.  Aqua  regia,  charged  with  all  the  gold 
which  it  can  take  up,  is  of  a  more  or  lefs  deep  yellow  : 
its  caufticity  is  confiderable  :  it  tinges  animal  matters  of 
a  deep  purple  colour,  and  corrodes  them.  When  it  is 
cautioufly  evaporated,  it  gives  cryftals  of  a  fine  golden 
colour,  which  refemble  topazes,  and  appear  to  be  trun- 
cated oftagons,  and  fometimes  four-fided  prifms.  It 
is  difficult  to  obtain  this  cryftallifation.  M.  Monnet  is 
of  opinion,  that  it  arifes  only  from  the  neutral  fait 
formed  in  aqua  regia  ;  and  he  fays  farther,  that  in  or- 
der to  obtain  it,  it  is  neceffary  to  employ  an  aqua  re- 
gia made  with  nitrous  acid  and  fal  ammoniac  or  marine 
fait :  Hence  this  mixed  acid  contains  either  cubic  nitre, 
or  nitrous  ammoniac.  The  one  or  the  other  of  thefe 
falts,  according  to  this  chemift,  is  the  caufe  of  the  cry- 
ftallifation of  the  gold.  It  is  not,  however,  entirely 
demonftrated,  that  a  folution  of  gold  in  aqua  regia, 
which  confifts  of  uncombined  marine  and  nitrous  acids, 
is  incapable  of  giving  cryftals ;  fince,  as  M.  Bergman 
imagines,  this  fait  of  gold  contains  marine  acid  only 
which  may  be  extracted  by  diftillation.  If  the  cryftals 
of  gold  are  heated,  they  fufe  and  take  a  red  colour : 
this  fait  ftrongly  attracts  the  air's  humidity.  If  a  folu- 
tion of  gold  is  diftilled  in  a  retort,  a  fine  red  liquor  is 
obtained,  which  has  brought  over  with  it  a  little  gold, 
and  feems  to  be  marine  acid.  The  alchemifts,  who 
were  very  laborious  upon  gold,  gave  the  name  of  red 
lion  to  this  liquor.    Some  cryftals  of  a  reddifli  yellow 

1  are 
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are  alfo  fublimed.  The  greateft  part  of  this  metal  re« 
mains  at  the  bottom  of  the  retort,  and  requires  fufion 
only  in  order  to  be  very  pure,  and  to  enjoy  all  its  pro. 
perties. 

The  folution  of  gold  may  be  decompofed  by  a  great 
number  of  fubftances.  Lime  and  magnefia  precipitate 
its  gold  in  form  of  a  yellow  powder.  The  fixed  alkalis 
prefent  the  fame  phenomenon  :  but  it  muft  be  obferved, 
that  the  precipitate  forms  but  very  flowly,  and  that  the 
folution  affumes  a  reddifh  colour,  if  more  of  the  alkali 
was  put  in  than  was  fufficient ;  becaufe  the  excefs  of 
this  fait  rediffolves  the  precipitate.  This  precipitate 
may  be  reduced  by  heat  and  in  clofe  veflels  :  it  is  a  calx 
which  eafily  parts  with  the  air,  with  which  it  is  combi- 
ned. However,  it  is  fufceptible  of  fufion  with  the  vi- 
trefcent  fubftances,  and  of  giving  them  a  purple  co- 
lour;  as  for  enamels  and  porcelain,  a  precipitate  of 
gold  is  employed,  which  is  formed  by  the  admixture 
of  a  folution  of  gold  and  of  the  liquor  filicum. 

Gold,  precipitated  by  the  fixed  alkalis,  prefents  a 
property  ftill  very  different  from  thofe  of  gold  in  its  me- 
tallic flate,  which  is  its  folubility  in  the  vitriolic,  ni. 
trous,  and  marine  acids,  when  uncombined.  Allthefe 
acids,  heated  upon  a  yellow  folution  of  gold,  eafily 
diffolve  it ;  but  they  cannot  take  up  enough  of  it  to 
give  cryftals.  When  thefe  folutions  are  evaporated,  the 
gold  very  readily  fubfides,  which  it  does  too  by  fimple 
repofe.  M.  Monnet  has  taken  notice  of  a  facl  which 
fhould  not  be  forgotten,  in  the  precipitation  of  a  folu- 
tion of  gold  by  means  of  the  gall-nut*  ;  it  is,  that  this 

pre- 

*  As  we  have  made  mention  only  of  the  precipitation  of  iron  by 
the  gall-nut,  we  think  it  proper  to  give  here  a  brief  account  of  the 
phenomena  which  this  aftringent  fubftance  prefents  with  the  mod 
part  of  the  metallic  folutions. 

The  folution  of  cobalt  is  precipitated  of  a  clear  blue  by  it ;  that 
of  zinc,  of  an  afh-coloured  green  ;  that  of  copper,  of  a  green,  which 
becomes  grey  and  reddifh  ;  that  of  filver,  at  firft  in  reddifh  ftrix, 
foon  affumiog  the  colour  of  burnt  coffee  ;  that  of  gold,  purple  ;  that 
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precipitate,  which  is  redd'u'h,  diflblves  very  well  in  the 
nitrous  acid,  which  by  this  means  acquires  a  blue  co- 
lour. 

The  volatile  alkali  throws  down  from  the  folution  of 
gold  a  much  more  copious'  precipitate.  This  precipi- 
tate, which  is  of  a  brown  yellow,  and  fomerimes  of  an 
orange,  has  the  peculiar  property  of  detonating  with  a 
confiderable  noife  when  it  is  flowly  heated  :  it  has  been 
called  auruvi  fulminans.  The  volatile  alkali  is  abfo- 
lutely  neceffary  for  its  formation :  for  this  purpofe,  it 
may  be  produced  either  by  precipitating  with  the  fixed 
alkali  a  folution  of  gold  made  in  aqua  regia,  which  is 
compofed  of  fal  ammoniac  :  or,  what  is  better,  by  pre- 
cipitating with  the  volatile  alkali  a  folution  of  gold  made 
in  aqua  regia,  confiding  of  the  nitrous  and  marine 
acids  in  their  pure  (late.  A  fourth  more  of  fulmina- 
ting gold  is  always  obtained  than  the  quantity  of  gold 
which  has  been  diflolved  in  the  aqua  regia.  There  are 
feveral  precautions  deferving  attention,  relatively  to 
the  terrible  effe&s  of  aurum  fulminans.  It  ought  to  be 
carefully  dried  in  the  open  air,  without  expofing  it  to 
the  heat  of  a  fire.  As  a  ftrong  heat  is  not  requilite  for 
its  fulmination,  and  as  friction  alone  fuffices  for  the 
production  of  the  explofion,  the  velfels  in  which  it  is 
kept  mould  be  (topped  only  with  cork.  Unhappy  ex- 
perience has  apprifed  us  of  the  dangers  incident  from 
the  ufe  of  cryftal  ftoppers,  by  the  friction  which  they 
produce  upon  the  neck  of  the  veflels  when  any  portion 

of 

ofplatina,  black.  Thefe  are  the  fa&a  obferved  and  defcribed  by 
M.  Monnet  ;  who  has  obferved  befides,  that  thefe  precipitates  are 
foluble  in  the  acids,  and  that  the  alkalis  unite  to  their  folutions 
without  any  fign  of  precipitation. 

MefTr8  the  academicians  of  Dijon  have  added  to  thefe  fafts  the 
following  obfervations :  The  folution  of  arfenic  is  not  altered  by  the 
gall-nut;  that  of  bifmuth  gives  a  greenifh  precipitate;  that  of 
nickel,  a  white  ;  that  of  antimony,  a  blueifli  grey  ;  that  of  lead,  a 
flaty-like  depofition,  whofe  furface  is  covered  with  pellicles  mixed 
of  green  and  red  ;  laftly,  that  of  tin  becomes  of  a  dirty  grey  by  the 
mixture  of  the  gall-nut ;  and  it-gives  a  precipitate  which  it  copious, 
»nd  as  if  mucilaginous. 
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of  the  powder  flicks  there.  A"  terrible  accident  hap- 
pened with  M.Baume;  an  account  of  which  is  found 
in  his  Experimental  and  Rational  Chemiftry,  vol.iiL 
p.  79- 

Chemifts  have  entertained  different  notions  upon  the 
caufe  of  the  detonation.  M.  Baume  thought,  that  in 
the  detonation  a  nitrous  fulphur  was  formed,  to  which 
he  afcribed  the  fulminating  property.  But  M.  Berg- 
man has  proved  the  inadmimbility  of  this  theory,  ha- 
ving difcovered  a  method  of  making  fulminating  gold 
without  nitrous  acid,  by  diffolving  a  precipitate  of  gold 
in  vitriolic  acid,  and  precipitating  it  afrefh  by  the  vola- 
tile alkali.  Nor  upon  the  nitrous  ammoniac  has  the 
fulmination  any  greater  dependence  ;  for  after  this  com- 
pound has  been  warned  with  plenty  of  water,  to  carry 
oft"  all  the  fait,  if  it  contained  any,  it  does  not  lofe  its 
fulminating  property.  Upon  a  ftridt  examination  of 
what  paffes  in  the  detonation,  it  is  obferved  to  inflame 
the  moment  it  mines.  If  it  is  heated  upon  a  gentle  fire 
of  hot  cinders,  brilliant  fparks  fly  off  before  explofion, 
refembling  the  electric  flafh :  it  detonates  when  it  is 
expofed  to  the  fpark  produced  by  the  ele&ric  bottle  ; 
a  fimple  fpark  does  not  kindle  it  without  commotion  : 
laflly,  after  fulmination,  a  part  of  the  gold  is  left  in  the 
ftate  of  a  purple  calx,  and  another  part  in  its  metallic 
ftate.  Hence  it  appears,  that  the  fulmination  depends 
upon  a  combuflible  matter  contained  in  it ;  and  as  the 
alkaline  gas,  to  which  we  have  afcribed  a  kind  of  com- 
buftibility,  is  required  for  the  production  of  fulmina- 
ting gold,  is  it  not  very  probable  that  the  explofion  of 
this  fubftance  depends  upon  this  alkaline  gas  ?  This 
theory  is  the  more  fupported,  as  M.  Berthollet,  my 
colleague,  obtained  fome  alkaline  gas  by  heating  fome 
fulminating  gold  in  copper  tubes,  whofe  extremity  was 
immerled,  by  means  of  a  fyphon,  into  a  pneumato- 
chemical  apparatus  with  mercury.  After  this  bold  ex- 
periment, the  gold  was  no  longer  fulminating,  and  it 
was  reduced  into  a  calx.  M.  Bergman  made  an  expe- 
riment 
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riment  of  the  fame  kind,  which  proves  absolutely  the 
lame  thing.  He  expofed  gold  to  a  heat  which  was  in- 
capable of  making  it  fulminate  ;  and  he  deprived  it  of 
this  property,  no  doubt,  by  the  gradual  volatilifation  of 
the  alkaline  gas.  However,  it  iftuft  be  obferved,  that 
this  gas  is  truly,  and  even  very  intimately,  combined 
with  the  gold  ;  fince  boiling  water,  M.  Bergman  fays, 
carries  none  of  it  away;  and  the  vitriolic  acid  and  fixed 
alkali  are  unable  to  deprive  it  of  its  fulminating  virtue. 
However,  M.  Baume,  who  cites  this  chemift's  experi- 
ments, whofe  work  hefeems  to  know,  fays,  that  vitri- 
olic acid  and  fixed  alkali  decompose  fulminating  gold. 
Fulminating  gold  feems  fufceptible  of  lofmg  its  pro- 
perty by  admixture  with  fulphur.  Oil  very  foon  de- 
prives it  of  it,  as  Meff.  Rouelle  and  d'Arcet  have  difco- 
vered.  iEther,  and  feveral  other  inflammable  bodies, 
whofe  properties  (hall  be  mentioned  in  the  hiftory  of 
the  vegetable  kingdom,  are,  according  to  M.  Bergman, 
proper  to  deprive  fulminating  gold  of  this  property, 
A  lingular  property  of  fulminating  gold,  and  which  an- 
nounces its  ftrength,  is,  that  when  made  to  fulminate 
upon  a  plate  of  metal,  fuch  as  lead,  tin,  and  even  filver,a 
mark  or  hole  is  made  in  the  plate  :  farther,  it  does  not 
feem  fufceptible  of  kindling  in  clofe  veflels,  fince 
M.  Lewis  found,  that  when  it  was  Ihut  up  in  an  iron 
ball,  it  produced  no  explofion.  Fulminating  gold  is 
very  capable  of  folution  in  the  acids :  when  it  is  fepa- 
rated  from  thefe  falts  by  the  fixed  alkali,  it  is  no  long- 
er fulminating  ;  and  if  the  volatile  alkali  is  employed, 
it  is  found  to  be  in  its  former  ftate. 

The  folution  of  gold  is  precipitated  by  liver  of  ful- 
phur. Whilft  the  fixed  alkali  unites  with  the  aqua  re- 
gia,  the  fulphur  which  is  precipitated  combines  with 
the  gold  ;  but  this  combination  is  not  durable :  heat 
alone  is  required  to  volatilife  the  fulphur,  and  to  obtain 
the  perfect  metal  in  its  ftate  of  purity.  We  may  ob- 
ferve  here,  that  gold,  precipitated  from  aqua  regia  by 
any  intermedium  whatever,  is  perfectly  pure  j  and  that 
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it  is  even  more  pure  than  parted  gold  ;  becaufe  it  is  fe- 
parated  from  the  filver  which  it  might  have  contained  by 
the  precipitation  of  this  metal  with  the  marine  acid, 
forming  luna  cornea,  which  takes  place  even  during 
the  folution  of  the  gold,  as  has  been  mentioned,  more 
fully  above. 

Gold  is  not  the  metal  which  has  the  ftrongeft  affinity 
with  aqua  regia  ;  almolt  all  the  metallic  fubltances  have 
the  power  of  feparating  it  from  its  folvent.  Bifmuth, 
zinc,  and  mercury,  precipitate  it.  A  plate  of  tin  put 
into  its  folution  feparates  this  metal  in  the  form  of  a 
deep  violet  powder,  called  purple  precipitate  of  Caffius. 
This  precipitate  is  employed  in  painting  enamels  and 
porcelain,  and  is  prepared  by  diluting  a  folution  of  tin 
in  aqua  regia  with  a  great  quantity  of  diftilled  water, 
and  pouring  into  it  foine  drops  of  a  folution  of  gold. 
When  the  folutions  are  pretty  copious  in  metal,  a  precipi- 
tate is  prefently  formed  of  a  crimfon  red,  which  becomes 
purple  in  a  few  days :  the  liquor  is  filtrated,  and  the 
precipitate  warned  and  dried.  This  fubftance  is  a  calx 
of  tin  and  of  gold  :  its  preparation  is  one  of  the-  moft 
fingular  operations  in  chemiftry,  on  account  of  the  va- 
riety and  inconftancy  of  the  phenomena  which  it  exhi- 
bits. Sometimes  it  gives  a  precipitate  of  a  fine  red ; 
fometimes  its  colour  is  a  deep  violet;  and,  what  is 
more  aftonifhing,  it  very  often  happens  that  the  mix- 
ture of  thefe  two  folutions  occafions  no  precipitate. 
M.  Macquer,  who  has  given  a  full  account  of  thefe  va- 
rieties, obferves,  that  they  depend  almoft  always  upon 
the  (late  of  the  folution  of  tin  employed.  If  this  folu- 
tion has  been  made  too  rapidly,  the  metal  is  too  much 
calcined,  and  it  contains  too  little  of  it,  in  order  that 
the  aqua  regia  of  the  folution  of  gold  may  act  upon  it ; 
for  it  is  the  adtion  of  this  laft  upon  the  tin  to  which  he 
afcribes  the  formation  of  the  purple  precipitate  of  Caf- 
fius. In  order  to  fucceed,  then,  in  this  operation,  a 
folution,  made  very  flowly,  mould  only  be  employed, 
in  fuch  a  (late  as  to  contain  the  greateft  poflible  quan- 
I  tity 
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tity  of  tin  without  the  metal  being  entirely  calined  in 
it.  Hence  he  advifcs  this  method  of  preparing  the 
purple  precipitate.  Let  fmall  pieces  of  tin  be  dillolved 
in  aqua  regia  which  has  been  made  with  two  parts  of 
fpirit  of  nitre  and  one  of  fpirit  of  fak,  weakened  with 
its  equal  weight  of  diftilled  water :  on  the  other  hand, 
let  very  pure  gold  be  diffolved  by  means  of  heat  in  an 
aqua  regia  compofed  of  three  parts  of  fpirit  of  nitre 
and  one  part  of  fpirit  of  fak  :  let  the  folution  of  tin  be 
diluted  with  a  hundred  parts  of  diftilled  water,  and  let 
it  be  divided  into  two  portions :  to  one  of  the  two  let  a 
new  quantity  of  water  be  added  :  let  them  both  be  tried 
with  a  drop  of  folution  of  gold  ;  then,  by  obfervation, 
diftinguim  the  fineft  red,  in  Order  to  treat  them  both 
in  the  fame  manner  ;  then  let  the  folution  of  gold  be 
poured  in  till  no  more  precipitate  falls. 

Lead,  iron,  copper,  and  filver,  alfo  have  the  pro- 
perty of  feparating  gold  from  its  folution.  Lead  and 
filver  precipitate  it  in  a  dirty  deep  purple  j  copper  and 
iron  feparate  it  in  its  metallic  brilliancy  ;  the  nitrous 
folution  of  filver  and  that  of  martial  vitriol,  likewife 
occafion  a  red  or  brown  precipitate  in  the  folution  of 
gold  *. 

The 

*  Gold  may  alfo  be  feparated  from  aqua  regia  by  the  addition  of 
certain  inflammable  fubftances,  which  furnifh  phlogifton  to  the  gold- 
earth,  and  fo  revive  it  in  a  metallic  ftate.  Thus,  when  a  quantity 
of  any  effential  oil,  or,  ftill  better,  of  vitriolic  asther,  is  poured  into 
a  folution  of  gold  in  aqua  regia,  the  gold  gradually  forfakes  the 
acid  menftruum  to  unite  with  the  oil  or  the  asther.  This  feparation 
will  even  take  place  when  the  aether  or  effential  oil  is  merely  poured 
upon  the  furface  of  the  folution,  and  left  at  reft  ;  though  the  pro- 
cefs  will  fucceed  better,  and  is  fooner  finifhed,  when  the  two  fluids 
are  mixed  together  by  agitation.  The  asther  abforbs  the  whole 
gold,  and  keeps  it  afterwards  perfe&Iy  fufpended  ;  and  as  it 
bas  no  effeft  upon  any  other  metal,  this  feems  the  belt  teft  of  the 
prefence  of  gold.  It  is  alfo  evident  that  the  gold  will  be  obtained 
in  a  ftate  of  molt  perfeft  purity,  from  the  attraction  of  the  Ether 
being  confined  to  this  metal  alone.  The  effential  oils  acquire  a 
deep  yellow  colour  when  allowed  to  remain  fome  time  upon  the  fo- 
liHion  ;  but  do  not  long  retain  the  gold  fufpended,  as  it  foon  fepa- 

rates, 
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The  neutral  falts  have  no  remarkable  a&ton  upon 
gold  ;  only  it  is  obferved,  that  borax  fufed  with  it  al- 
ters its  colour,  and  makes  it  remarkably  pale  ;  whereas 
nitre  and  marine  fait  heighten  it.  The  folurion  of  bo- 
rax poured  into  one  of  gold,  occafions  a  precipitate  of 
fedative  fait  charged  with  the  metal. 

Sulphur  does  not  unite  with  gold  ;  and  is  therefore 
ufed  with  advantage  in  the  reparation  of  the  metals  which 
are  united  with  gold,  but  particularly  filver..  This  al- 
loy is  fufed  in  a  crucible:  when  it  is  fufed,  flowers  of 
fulphur  are  projected  upon  its  furface  :  this  fubftance 
fufes  and  combines  with  the  filver,  fwimming  in  the 
form  of  black  fcoriae  above  the  gold.  It  rnuft  be  obfer- 
ved, that  thefe  two  metals  are  never  completely  fepa- 
rated  by  this  operation,  which  is  named  dry  parting,  and 
is  employed  only  to  a  mafs  of  filver  which  contains  too 
little  gold  to  be  capable  of  indemnifying  the  expencc 
arifing  from  the  ufe  of  aquafortis. 

Liver  of  fulphur  difiblves  gold  completely.  It  is 
Stahl's  opinion,  that  by  this  procefs  Mofes  dhTolved  the 
golden  calf  which  the  Ifraelites  worftiipped.  The  folu- 
tion is  formed  by  rapidly  fufing  a  mixture  of  equal 
parts  of  fulphur  and  fixed  alkali  with  an  eighth  of  the 
whole  weight  of  gold-leaf.    This  matter  is  run  upon  a 

po- 

rates,  and  adheres  to  the  fides  of  the  vefTel  in  the  form  of  metallic 
films  :  yet  after  this  feparation  of  the  gold,  the  efTenti^l  oils  ftill 
exhibit  a  bright  yellow  colour,  which  many  through  rhiftake  attri- 
bute to  the  particles  of  gold  in  the  oil,  though  in  reality  the  tinge 
arifes  from  the  action  of  the  acids  ;  as  ftrong  acids  do  at  all  times 
produce  this  change  upon  the  colour  of  eflential  oils.  From  this 
error  many  have  been  led  to  believe  themfelves  in  poffeffion  of  pot- 
able gold,  by  diffolving  thofe  coloured  oils  in  highly  rectified  fpirit 
of  wine  ;  and  either  from  fraud,  ignorance,  or  delufion,  endeavoured 
to  impofe  upon  the  credulity  of  mankind  ;  for  the  alchemifts  boafted 
of  certain  mild  folutions  of  gold  a3  invaluable  fecrets  :  they  pro- 
claimed them  to  be  efficacious  remedies  in  every  diforder  ;  to  cure 
every  human  evil  without  pain  ;  and  even  to  be  capable  of  prolong- 
ing life  itfelf.  How  fallacious  thofe  hopes  were,  and  how  impru- 
dent it  is  to  truft.  in  the  promifes  of  pretenders  to  myllerious  difco- 
verie8,  is  now  ftifficiently  known  from  the  detection  of  many  impo- 
(hues  of  this  kind. 
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poryphyry  :  it  is  pounded  ;  fome  diftilled  water  is  pour- 
ed upon  it:  it  forms  a  folution  of  a  yellowifh  green, 
which  contains  a  golden  liver  of  fulphur.  The  metal 
may  be  precipitated  by  means  of  the  acids,  and  fepara- 
ted  from  the  fulphur,  which  is  dcpofited  along  with  it, 
by  the  application  of  heat  in  open  velTels. 

Gold  combines  with  the  molt  part  of  the  metallic 
fubftances,  and  exhibits  feveral  important  phenomena 
in  its  combinations. 

It  unites  with  arfenic.  This  femimetal  renders  it  brittle, 
and  gives  it  a  very  pale  colour.  There  is  great  difficulty 
in'feparating  by  heat  the  laft  portions  of  arfenic  from  this 
alloy  ;  the  gold  feems  to  give  it  fixity  :  its  alloy  with 
cobalt  is  not  known.  It  unites  with,  bifmuth,  which 
renders  it  brittle.  The  fame  is  the  cafe  with  nickel  and 
regulus  of  antimony.  As  all  thefe  metals  are  very  cal- 
cinable,  and  the  mofl  part  fufible,  it  is  very  eafy  to  fe- 
parate  them  from  the  gold  by  the  action  of  fire  combi- 
ned with  that  of  the  air.  Crude  antimony  was  boafted 
of  by  the  alchemifts  for  the  purification  of  gold.  When 
it  is  fufed  with  this  metal,  alloyed  with  any  foreign 
metallic  fubftances,  as  copper,  iron,  or  filver,  the  ful- 
phur unites  with  thefe  fubftances,  and  feparates  them 
from  the  gold,  which  is  found  at  the  bottom  of  the 
vefleY:  This  gold  is  alloyed  with  regulus  of  antimony  : 
it  is  purified  by  heating  it  with  a  white-red  heat.  The 
regulus  of  antimony  is  volatilifed ;  the  laft  portions  re- 
quire a  very  violent,  fire:  and  it  is  obferved,  that 
this  femimetal  carries  along  with  it  fome  portions  of 
gold  in  its  volatilifation.  This  procefs,  fo  celebrated 
among  the  alchemifts  has,  therefore,  no  advantage 
over  that  in  which  fulphur  only  is  employed. 

Gold  very  eafily  alloys  with  zinc  :  a  mixt  metal  re- 
mits, whole  bFittlenefs  and  whitenefs  increafes  according 
to  the  greater  proportion  of  this  femimetal.  This  alloy, 
made  with  equal  parts,  is  of  a  very  fine  grain  ;  and  it 
takes  fo  fine  a  polifh,  that  it  was  recommended  by  Hellot 
to  make  mirrors  of  telefcopes,  which  are  not  fubjecl:  to 
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tarnifrn  When  the  zinc  is  feparated  from  the  gold 
by  calcination,  the  flowers  of  this  femimctal  are  red- 
diih,  and  carry  along  with  it  a  little  gold,  as  Stahl  has 
announced. 

Gold  has  more  affinity  with  mercury  than  with  the 
ether  metallic  fubftances,  and  is  capable  of  decompo- 
fing  their  amalgams.  It  unites  with  it  in  all  propor- 
tions, and  forms  an  amalgam,  whofe  colour  and  foli- 
dity  augment  according  to  the  greater  or  lefs  quantity 
of  gold  employed.  This  amalgam  liquefies  by  heat, 
and  cryftallifes  by  cooling,  as  all  the  compounds  of  this 
femimetal  do.  What  regular  form  it  afiumes  is  not 
properly  known.  M.  Sage  fays,  that  its  cryftals  re- 
femble  filver  en  plume,  and  with  a  microfcope  feem 
to  be  quadrangular  prifms :  he  fays  alfo  that  the  mer- 
cury here  acquires  fixity.  This  amalgam  is  employed 
to  gild  with.  Although  gold  be  incapable  of  calcina- 
tion by  the  heat  of  our  furnaces,  and  by  the  contact  of 
air,  it  becomes  calcinable,  however,  when  heated  con- 
jointly with  mercury.  Some  mercury  being  put  along 
with  a  forty- eighth  of  its  weight  of  gold  into  a  matrafs 
with  a  flat  bottom,  whofe  neck  has  been  drawn  out  by 
means  of  an  enameller's  lamp,  in  order  to  leave  but  a 
very  fmall  opening  j  and  the  mixture  being  heated  in  a 
fand  bath,  as  is  done  in  the  preparation  of  the  calx  of 
mercury  called  precipitate  per fe;  thefe  two  metallic  fub- 
ftances calcine  at  one  time :  they  are  changed  into  a 
deep  red  powder  j  and  this  double  calx  is  obtained 
even  much  more  readily  than  that  of  mercury  heated 
alone,  according  to  M.  Baume.  Here  then  is  a  metal 
which,  tnough  very  difficult  to  calcine  alone,  haftens 
and  facilitates,  however,  the  calcination  of  another 
metallic  fubftance,  which  per  fe  is  very  incapable  of 
fuch  an  alteration. 

Gold  alloys  very  well  with  tin  and  lead.    Thefe  twer 
metals  deprive  it  of  all  ducHlity.    Its  alloy  with  iron  is 
very  bard,  and  may  be  ufed  to  make  fharp  inftruments^ 
much  fuperior  to  thofe  which  are  made  with  pureiteel. 
1  This 
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This  mixt  metal  is  grey  and  attraftable  by  the  magnet. 
M.  Lewis  propofes  the  ufe  of  gold  in  foldering  pro- 
perly and  folidly  l'mall  pieces  of  fteel. 

Gold  combines  very  well  with  copper,  which  gives 
it  a  red  colour  and  a  great  ftiffnefs,  and  renders  it 
more  fufible.  This  alloy,  in  different  proportions,  is 
ufed  for  coin,  and  in  the  making  of  veffels  artd  trink- 
ets. Laflly,  gold  alloys  with  filver,  which  deprives  it 
of  its  colour,  and  renders  it  very  pale.  This  alloy, 
however,  is  not  made  without  a  certain  difficulty,  on 
bccount  of  the  difference  of  weight  between  thefe  two 
fubftances,  juft  as  Homberg  has  obferved;  who  has 
feen  them  feparate  during  fufion.  The  alloy  of  gold 
and  filver  forms  the  green  gold  of  the  jewellers. 

As  gold  is  of  very  extenfive  ufe,  as  is  the  cafe  with 
filver,  the  price  of  all  the  productions  of  nature  and  of 
art,  it  is  of  very  great  importance  to  fix  the  degree  of 
purity  of  this  precious  metal,  to  prevent  the  excefs  to 
which  avarice  might  proceed,  and  to  eftablifh  the  value 
of  all  the  maffes  or  pieces  of  gold  vended  in  commerce. 
By  juft  and  ftrift  laws,  the  *  quantity  of  alloy  has  been, 
prescribed,  which  is  neceffary  to  communicate  hard- 
nefs  and  ftiffnefs  to  the  gold  deftined  for  making  u- 
tenfils,  in  which  thefe  properties  are  requifite.  Che- 
miftry  has  furnimed  means  of  afcertaining  the  quantity 
of  imperfect  metals  combined  with  gold.  The  ope- 
ration is  called  e [faying  the  title  of  gold.  Twenty- 
four  grains  of  the  gold  which,  we  want  to  effay,  are 
cupelled  with  forty-eight  grains  of  filver  and  four  of 
pure  lead.  This  laft,  in  its  vitrefication,  carries  off 
the  imperfecl  metals :  the  gold  remains  in  combination 
with  the  filver  after  cupellation.  Thefe  two  metals  are 
feparated  by  an  operation  called  farting.  Parting  an 
alloy  of  filver  and  gold,  is  feparating  the  two  metals 
by  means  of  a  folvent,  which  acts  upon  the  filver 
without  touching  the  gold.  Aquafortis  is  generally 
ufed.  The  filver  is  added  to  the  gold,  becaufe  expe- 
rience has  taught  us,  that  it  is  neceffary  that  the  gold 
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contain  at  leafl  double  its  weight  of  filver,  in  order  thar 
the  nitrous  acid  may  diflblve  the  filver  entirely.  As 
three  parts  of  filver  are  often  added  to  gold,  this  ope- 
ration is  called  inquart  or  quartation,  becaufe  the  gold 
makes  in  fact  the  fourth  of  the  alloy. 

After  having  flattened  the  button  with  the  ham- 
mer, and  taken  care  to  heat  and  agitate  it  frequent- 
ly, in  order  to  prevent  it  from  cracking,  and  the  re- 
paration of  any  portions  of  it  by  the  ftiffening  of  the 
piece  ;  it  is  rolled  upon  a  feather,  and  a  kind  of  cornel- 
is  formed  ;  it  is  put  into  a  fmall  matrafs,  and  above 
five  or  fix  gros  of  precipitated  aquafortis,  diluted  with 
half  its  weight  of  water,  are  poured  in.  The  veflel  is  r 
gently  heated  till  the  efFervefcence  be  fairly  commen- 
ced;  then  the  filver  diflblves,  and  the  cornet  aflumes  a 
brown  colour.  When  the  action  of  the  acid  is  over,  the 
acid  is  poured  off  and  replaced  by  afrefh  portion,  which, 
is  made  to  boil  above  the  metal  till  all  the  filver  be  dif- 
iblved.  The  acid  is  poured  off  and  the  cornet  warned,  ■  ; 
which  has  become  very  thin  and  full  of  holes ;  it  is  put 
with  fome  water  into  a  crucible,  the  water  is  decanted, 
the  crucible  made  red  hot,  and  the  gold  then  enjoys  all 
its  properties.  Its  weight  is  found,  by  which  we  judge 
of  the  alloy  which  it  contained,  or  of  its  title.  In  order 
to  afcertain  exactly  the  quantity  of  imperfect  metals 
which  it  contained,  let  us  fuppofe  any  mafs  of  gold  to  J 
be  compofedof  24  parts,  called  carats  ;  and  for  greater 
precifion's  fake,  let  each  carat  be  fubdivided  into  32- 
parts,  each  called  ^  of  a  carat.  Jf  the  gold  which  has 
been  effayed  has  loft  one  grain  upon  the  24,  it  is  gold  of 
23  carats;  if  it  has  loft  a  grain  and  a  "half,,  gold  of  22-fS- 
carats;  and  fo  forth.  The  weight  employed  in  the  etfay 
of  gold  is  generally  24  grains,  the  weight  of  a  mark; 
it  is  divided  into  24  carats,  which  are  fubdivided  into 
32  parts.  Half  a  mark  is  alfomade  ufe  of,  which  weighs 
1-2  grains,  but  divided  into  24  carats,  and  each  carat  in* 

to  22  thirty-twos  *. 

3  There 

*  A  tolerable  eftimate  may  be  firmed  of  the  purity  of  gold  from 
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here  are  two  important  obfervations  to  be  made  up- 
"on  the  operation  of  parting. 

1.  Some  chernifts  have  i'uppofed  that  the  nitrous  acid 
■diffolved  a  little  gold  along  with  the  filver.    M.  Baurne, 
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infpe&ing  the  colour  of  the  mafs  by  perfons  who  are  accuftomed  to 
judge  in  this  way.  The  accuracy  of  their  judgment  is  alfo  aflilted 
by  a  fet  of  proof-needles,  which  fcrve  as  liaiidarde  of  companion  to 
point  out  the  quantity  of  bafe  metal  ufed  in  alloy.  Tbefe  needles 
are  compofed  ot  a  certain  proportion  of  the  metals  fuppofed  to  be 
in  the  mixture,  forming  a  regular  gradation  from  the  pureft  gold, 
or  gold  of  24  carats  fine,  down  to  12  carats  or  one  half,  though 
ibme  extend  the  feries  ftil!  lower.  Dealers  in  gold  are  commonly 
provided  with  four  or  five  fet  of  touch-needles  ;  the  fird  fet,  confills 
of  pure  gold  alloyed  with  filver  alone  ;  the  kcond,  of  gold,  alloyed 
with  a  mixture  of  two  parts  of  filver  and  one  part  of  copper  ;  the 
third,  equal  parts  of  filver  and  copper  ;  and  the  fifth,  of  pure  cop- 
per, which  is  11  fed  without  any  alloy  of  filver.  When  a  piece  of  gold 
is  to  be  valued  from  infpeclion,  a  ftroke  is  to  be  drawn  upon  a  black 
flone  called  a  toucb-Jlone,  and  another  ftroke  parallel  to  this  by  the 
■needles  which  approach  nearelt  to  the  colour  of  the  mafs.  This 
touchttone  mud  poffefs  certain  properties,  in  order  to  anfwer  the 
purpose  well.  It  mull  be  of  a  &eep  colour,  nearly  black,  to  fhow 
the  colour  of  the  metal  diftinAly.  It  mult  not  be  too  fmooth,  o- 
therwife  foft  gold  will  not  cafily  leave  a  mark  upon  it  ;  nor  too 
rough,  el f e  the  mark  proves  imperfedt.  When  too  hard,  cleaning 
the  (tone  from  the  drokes  polifhes  the  furface  too  much  ;  and  when 
too  foft,  it  is  liable  to  be  fcratched  in  cleaning.  It  mult  alfo  be  in- 
foluble  in  acids;  otherwife  the  aquafortis,  poured  upon  its  furface  to 
try  the  prefence  of  bafe  metals,  will  corrode  the  Hone  itfelf.  The 
itrokes  drawn  are  in  general  a  quarter  of  an  inch  lung,  and  one 
eighth  of  an  inch  broad  ;  and  when  the  firtl  needle  does  not  perfectly 
reftmble  the  original  mafs,  we  make  repeated  trials  with  others,  un- 
til the  refemblance  be  more  complete.  Then  we  pour  fome,  aqua- 
fortis upon  the  (tone,  to  fee  whether  the  metal  be  only  an  imitation 
of  the  colour  of  gold.  If  it  contain  no  gold,  the  whole  firoke  is 
completely  diffolved  away,  and  is  always  eroded  in  proportion  to  the 
quantity  of  inferior  metal  with  which  the  gold  is  debated.  In  this 
way  the  touchllone  is  employed  as  a  ted  of  the  finenefs  of  gold  ; 
though,  it  mud  be  confefird,  that  it  is  far  from  being  accurate,  un- 
lets the  nature  of  the  alloying  metal  be  known  to  the  infpedlor. 

But  in  China,  where  no  alloy  is  ufed  except  pure  filver,  the  lead 
admixture  of  copper  creating  fufpicion  of  fraud,  and  where  efl'ays 
are  not  commonly  permitted  in  trade,  the  merchants  are  faid  to  be 
very  accurate  in  their  judgment,  and  to  tftimate  the  finenefs  of  gold 
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pages  117,118.  of  the  third  volume  of  his  Chemiftry, 
has  obferved,  that  parted  filver  retained  a  confiderable 
quantity  of  gold.  From  two  pounds  of  grained  filver 
which  this  chemift  made  ufe  of,  to  make  lapis  infernalis, 
he  fays  he  generally  feparated  more  than  a  half  gros  of 
gold  in  a  black  powder.  However,  by  performing  the 
parting  with  an  acid,  which  was  not  too  concentrated, 
and  urging  the  folution  not  too  far,  the  gold  remains  pure 
and  untouched,  and  the  filver  contains  none  of  it.  The 
Profelfors  of  Chemiftry  of  the  Academy  having  been 
defired  by  Adminiilration  to  examine,  if,  in  the  procefs 
employed  for  parting,  the  nitrous  acid  diifolved  the  gold, 
they  made  a  great  number  of  experiments ;  from  which 
they  concluded,  "  that,  in  the  parting  practifed  accord- 
ing to  the  regulations  and  received  ufe,  a  lofs  of  gold 
never  can  take  place and  that  this  operation  ought  to 
be  looked  upon  as  carried  to  perfection."  This  de- 
cifion,  extracted  from  the  report  publifhed  by  the  Aca- 
demy, is  well  calculated  to  fatisfy  the  public  upon  this 
point,  and  to  encourage  commerce. 

2.  Several  docimaUics,  and  among  others  Schundlen 
and  Schlutter,  have  thought  that  the  parted  cornet  of 
gold  retained  a  little  filver.  They  have  given  to  this  the 
name  of furcharge  or  inter -halt.  Mems  Macquer,  Hel- 
lot,  and  Tillet,  intruded  to  examine  the  operation  of  the 
effayers  of  money,  have  proved,  that  it  contained  none 
of  it.  However,  M.  Sage  affures  us  in  his  lad  work, 
entitled  the  Art  of  EJfaying  gold  and  filver,  page  64, 

that . 

within  part  of  its  finenefs  by  means  of  touching-needles.  Tiiis 
conllant  experience  gives  the  Chinefe  merchants  great  advantage  ia 
this  kind  of"  traffic.  But  if  thofe  who  deal  with  them  try  the  fpe- 
cific  gravity  of  the  mafs  in  a  hydroftatical  balance,  they  will  barter 
upon  better  terms  ;  becaufe  gold,  when  pure,  is  the  heavicft.  of  all 
metals  ;  and  when  alloyed  with  filver  alone,  the  mixture  turns  out  ex- 
actly of  the  fpecific  gravity  of  the  component  metals,  fuppoling  no 
chemical  union  to  have  taken  place.  This,  though  a  great  conve- 
nience, is  rather  lingular,  as  almoft  all  mixtures  of  metals  prove 
either  heavier  or  lighter  than  what  they  ought  to  be  by  computa- 
tion. 
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that  ^bld  in  this  ftate  retains  always  a  little  filver ; 
and  that  it  may  be  demonflrated  by  diflblving.it  in  a 
dozen  of  parts  of  aqua  regia  ;  the  folution  being  cooled  , 
depofites  in  a  little  time,  often  in  a  dozen  of  hours  af- 
ter makincr,  a  little  luna  cornea  in  the  form  of  a  white 
powder.  . 

Gold  is  employed  for'a  great  number  of  purpofes.  Its 
fcarcenefs  and  price  prevent  its  being  made  ufe  of  for 
utenfils  and  veffels  as  filver  is  :  but  as  its  brilliancy  and 
colour  are  very  agreeable  to  the  fight,  art  has  found 
means  of  applying  it  to  the  furface  of  a  great  number 
of  bodies,  which  it  at  the  fame  time  defends  from  the 
impreffions  of  the  air.  This  art  conftitutes  in  general 
gilding  ;  of  which  there  are  many  varieties.  By  means 
of  glue,  gold-leaf  is  often  applied  upon  wood.  Gold  in 
a  calx  is  prepared  by  braying  with  honey  fome  gold-leaf, 
and  warning  it  with  water,  and  drying  the  molecules  of 
gold  which  are  precipitated.  Gold  in  fhells  is  the  calx 
of  gold  intermixed  with  a  mucilaginous  water  or  a 
gummy  folution.  The  following  preparation  gets  the 
name  of  gold  en  drapeaux.  Cloths  are  fteeped  in  a  fo- 
lution of  gold  ;  they  are  dried  and  burnt.  When  they 
are  wanted  for  ufe,  a  moiftened  cloth  is  put  into  the 
afhes,  and  the  filver  is  rubbed  with  it ;  which  being  very 
minutely  divided,  readily  adheres.  We  have  already 
fpoken  of  gilding  with  painters  gold.  The  copper  to  be 
gilt  is  well  cleaned  'by  means  of  fand  and  a  weak  aqua- 
fortis, called  the  fecond  water  by  the  workmen  :  it  is  put 
into  a  very  dilute  folution  of  mercury;  and  the  mer- 
cury, which  is  precipitated  upon  it,  makes  the  amalgam 
of  gold  adhere,  which  is  fpread  over  the  piece  after  ha- 
ving been  waflied  in  water  to  carry  off  the  acid.  When 
the  amalgam  is  uniformly  fpread,  the  piece  is  heated 
upon  the  coals  in  order  to  volatilife  the  mercury ;  the 
operation  is  finiftied,  by  fpreading  upon  the  gold  the  wax 
for  gilding,  which  is  made  up  of  red  bole,  verdegris,  a- 
ium,  or  martial  vitriol,  incorporated  with  yellow  wax, 
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and  by  heating  for  the  lad  time  the  gilded  piece  to 
burn  off  the  wax. 

The  other  ufes  of  gold  for  trinkets,  laces,  are  well 
enough  known  to  fave  the  trouble  of  faying  any  more. 
As  to  the  medicinal  virtues  attributed  to  it,  fkilful 
phyficians  at  prefent  refufe  it  any ;  and  think  that  the 
effects  of  the  different  potable  golds,  held  out  by  the  al- 
chy  mills,  are  entirely  dependent  upon  the  fubftances  in 
which  it  is  mixed  or  diffolved. 

Species  15.  Platina. 

Platina,  which  was  difcovered  only  forty  years 
ago  for  a  paritcular  metal,  has  been  as  yet  found  only 
in  the  gold  mines  of  America,  and  in  particular  in 
thofeof  Santa-Fe  near  Carthagena,  and  of  Bailliage  de 
Choco  in  Peru.  The  Spaniards  gave  it  this  name  from 
Plato,  which  fignifies  filver  in  their  language,  compa- 
ring it  to  this-  metal,  whofe  colour  it  really  poffcffes. 
However,  the  name  of  white  gold  feems  to  be  more  ap-r 
plicable  than  that  of  filver,  approaching  in  moft  of  its 
properties  much  nearer  to  gold  than  to  filver. 

Several  jewels  of  platina  exiftcd  before  the  epoch 
jufl  now  mentioned  ;  but  as  this  metal  cannot  be  fufed 
and  wrought  alone,  it  is  probable  that  the  muff-boxes, 
the  heads  of  canes,  and  other  utenfils  of  this  kind,  which 
were  fold  under  the  ,name  of  platina,  were  alloys  of  this 
metal  with  fome  metallic  fubflances  which  communi- 
cated fufibility  to  it,  aslhall  be  taken  notice  of  in  the 
Jiiftory  of  its  alloys. 

Platina  which  is  dcpofited  in  cabinets,  is  in  the  form 
of  fmall  grains  or  fpangles  of  a  livid  white,  whofe  co- 
lour inclines  always  to  that  of  filver  and  iron.  Thefe 
grains  are  mixed  with  feveral  ftrange  fubftances : 
fpangles  of  gold  are  found  amongfl  them  ;  blackifh  mar- 
tial fand  grains,  which  with  the  microfcope  appear  fco- 
rified  like  iron  drefs ;  and  fome  molecules  of  mercury. 


CHEMISTRY.  12? 

This  lrffl:  metal  is  feparated  by  heat ;  warning  carries  off 
the  fand  and  grains  of  iron,  which  may  likewife  be  fe- 
parated by  the  magnet;  no  more  then  remains  but 
molecules  of  gold  and  grains  of  platina,  which  it  is 
eafy  to  pick  out  ieparately,  as  M,  Margraaf  did.  If 
grains  of  platina  are  examined  with  the  microfcope, 
fome  appear  angular,  others  rounded  and  flattened  like 
cakes.  Beat  upon  a  fteel  mafs,  the  moil;  part  of  them 
is  flattened,  and  appears  ductile ;  fome  break  into  feveral 
pieces.  Thefe  laft,  examined  nearly,  fee m  to  be  hollow, 
and  in  their  heart  pieces  of  iron  and  a  white  powder 
are  found.  There  is  no  doubt  but  th<t  upon  thefe  mar- 
tial atoms,  contained  in  fome  grains  of  platina,  the  pro- 
perty of  being  attracted  by  the  magnet,  found  in  thefe 
grains,  depends,  though  they  are  feparated  exactly  from 
the  ferruginous  fand  which  they  contain.  The  purity 
of  this  metal  feems  to  be  very  near  that  of  iron.  The 
fpf  cific  weight  of  platina,  when  mixed  with  all  the  other 
ftrange  matters  juft  now  mentioned,  approaches  much 
to  that  of  gold  ;  it  lofes  in  water  from  a  fixteenth  to  an 
eighteenth  of  its  weight.  Meffrs  BufTon  and  fillet, 
upon  comparing  by  the  weight  an  equal  volume  of  pla- 
tina and  of  gold,  reduced  into  molecules  fimilar  to  thofc 
of  platina,  found,  that  the  fpecific  weight  of  platina  was 
about  one-twelfth  lefs  than  that  of  gold.  It  comes  near 
in  fpecific  gravity  to  gold  when  it  is  .purified  by  fu- 
fion. 

It  is  probable  that  platina  is  not  found  in  the  ores, 
fuch  as  it  comes  to  us  ;  and  that  its  granulous  form  de* 
pends  only  upon  the  operations  to  which  the  gold  ores 
are  lubj.  ctcd  for  the  feparation  of  this  laft  metal.  As  it 
js  mixed  always  with  gold,  it  is  reduced  to  powder,  and 
is  even  half,  poliflied  by  the  trituration  which  the 'gold 
luhVrs  m  the  amalgamation  with  mercury.  It  is  clearly 
on  this  account  that  it  is  always  mixed  with  grains  of 
gold  and  mercurial  molecules. 

Althouuiipl.uin-.ijewclshavebeenforalongtimefold^ts 
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particular  properties  were  not  known.  The  workmen 
in.  the  mines  had  paid  no  particular  regard  to  it,  and  had 
miftaken  a  fubftance  in  whofe  appearance  there  was  no- 
thing flattering,  and  which,  befides,  was  of  fo  difficult 
treatment.  Don  Antonio  de  Ulloa,  a  Spanifti  mathe- 
matician, who  in  the  famous  voyage  accompanied  the 
French  academicians  who  were  tent  to  Peru  to  deter- 
mine the  figure  of  the  earth,  was  the  firfl  perfon  to 
whom  we  owe  the  chief  knowledge  of  platina.  He 
fays  a  few  words  about  it  in  the  relation  of  his  voyage 
publifhed  at  Madrid  anno  i  748.  Mr  Charles  Wood,  an 
Englifli  metallurgift,  brought  fome  of  it  from  Jamaica, 
anno  1741.  He  accordingly  examined  it;  and  has 
given  an  account  of  his  experiments  in  the  Philofophi- 
cal  Tranfadions  for  the  years  1749-50.  At  this  time, 
feveral  of  the  moft  famous  chemifts  in  Europe  anxioufly 
fet  about  the  examination  of  this  new  metal,  which  pro- 
mifed  fo  many  advantages  by  its  lingular  properties. 
M.  Scheffer,  a  Swedifli  chemift,  publifhed  his  obferva- 
tions  upon  platina,  in  the  Memoirs  of  the  Academy  of 
Stockholm  for  the  year  1 75 1.  M.  Lewis,  an  Englifli 
chemift,  gave  a  fubfequent,  and  almoft  complete,  de- 
fcription  of  this  metal :  it  is  to  be  found  in  the  Philofo- 
phical  TranfacYions,  anno  1754.  M.  Margraaf,  in  the 
Memoirs  of  the  Academy  of  Berlin,  has  given  an  ac- 
count of  his  experiments  upon  this  new  metal.  The 
greateft  part  of  thefe  particular  memoirs  has  been  col- 
lected by  M.  Morin,  in  a  work  intitled,  Platina,  White 
Gold,  or.  the  Eighth  Metal,  Paris,  1758.  At  the  fame 
time,  M.  Macquer  and  Baume  made  together  a  great 
number  of  important  experiments  upon  platina,  which 
have  been  published  in  the  Memoirs  of  the  Academy  for 
the  year  1758.  M.  de  BufTon  has  related,  in  the  firfl 
volume  of  the  Supplement  to  his  Natural  Hiftory,  a  fet 
of  experiments  upon  platina,  made  by  himfelf,  M.  Mor- 
veau,  and  the  Count  de  Milly.  And,  laftly,  M.  le  Baron 
.de  Sukengen  alfo  undertook  an  inveftigation  of  the  me- 
tal.   From  the  accounts  given  by  thefe  philofophers, 

we 


CHEMISTRY. 


we  fhail*borrow  the  greateft  part  of  the  hiftory  of  the 
chemical  properties  of  platina. 

Platina,  expofed  to  the  mod  violent  fire  of  our  fur- 
naces, fuffers  no  kind  of  alteration;  only  it  agglutinates 
a  little.  All  the  chemifts  who  have  made  experiments 
upon  this  metal  agree  in  this  point.  M.  Macquer  and 
Baume  kept  fome  of  it  expofed  feveral  days  to  the  con- 
tinued fire  of  a  glafs-houfe  furnace,  without  its  grains 
fullering  any  alteration  except  that  of  joining  (lightly  to 
one  another  ;  this  agglutination  was  even  lb  weak,  that 
a  fm'all  force  eafily  feparated  them.  In  thefe  experiments 
they  obferved  the  colour  of  platina  become  brilliant 
when  it  was  in  a  white  heat ;  that  it  affumed  a  dull  grey 
colour  when  it  was  long  heated  ;  and,  laftly,  that  it  in- 
creafed  conftantly  in  weight,  as  M.  Margraaf  had  faid, 
which  could  arife  only  from  the  calcination  of  fome 
(Irange  fubftances  which  are  mixed  with  it.  Thefe  che- 
mifts  expofed  fome  platina  to  the  focus  of  a  great  burn- 
ing mirror :  it  began  to  fume ;  it  gave  vivid  and  very 
ardent  fparks ;  laftly,  the  portions  of  this  metal,  ex- 
pofed to  the  centre  of  the  focus,  were  fufed  in  a  mi- 
nute. The  fufed  portions  were  of  a  white  brilliant  co- 
lour, and  prefented  the  form  of  a  button :  they  could 
be  cut  into  laminae  with  a  knife.  Struck  upon  a  piece 
of  fteel,  one  of  them  was  flattened,  and  reduced  into  a 
thin  plate,  without  cracking  or  fplitting;  it  was  ftifTened 
with  the  hammer.  This  elegant  experiment  (hows  us, 
that  platina  is  fufible  by  a  fire  of  the  molt  extreme  force  ; 
that  it  is  as  malleable  as  gold  and  filver ;  and  that  it  is 
unalterable  by  the  action  of  the  fire ;  for  in  all  thefe  ex- 
periments, the  molt  part  of  which  were  made  in  the 
open  air,  platina  exhibits  no  figns  of  calcination.  M.  de 
Morveau  alfo  fufed  platina  by  making  ufe  of  the  air- 
furnace  deicribed  by  M.  Macquer,  with  his  reductive 
flux,  compofed  of  eight  parts  of  pounded  glafs,  one 
part  of  calcined  borax,  and  a  half  of  pounded  char- 
coal. 

Platina  expofed  to  the  air  is  nowife  changed.  How- 
ever, 
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ever,  it  is  not  known  what  might  be  the  effect  by  a  long, 
continued  red  heat  with  accefs  of  air  :  perhaps  it  would 
be  calcined,  as  Juncker  afferts  gold  and  filver  are  when 
treated  in  the  fame  way. 

This  metal  fuffers  no  alteration  from  water,  the  ear- 
thy, faline-earthy,  nor  alkaline  fubfr.ances. 

The  mod  concentrated  vitriolic  acid,  the  ftrcngeft 
and  moll  fuming  nitrous  and  marine  acids,  even  when 
they  are  affifted  by  a  boiling  heat,  have  not  the  leaft  ac- 
tion upon  platina  ;  nor  does  diltillation,  fo  efficacious  a 
means  with  all  the  chemuts  for  favouring  the  action  of 
the  acids  upon  the  metallic  fubltances,  promote  their  ac- 
tion ;  only,  according  to  MefTrs  Lewis  and  Baume,  the 
vitriolic  acid  tarnifhes  its  grains.  The  nitrous  acid, 
on  the  contrary,  renders  it  brilliant.  M.  Margraaf  fays, 
that,  at  the  end  of  the  diltillation  of  this  acid  with  pla- 
tina, he  obtained  fome  arfenic ;  a  phenomenon  which 
other  chemifts  have  not  taken  notice  of.  The  marine 
acid  does  not  change  it  in  the  leaft  degree.  •  M.  Mar- 
graaf likewife  obtained  from  this  acid,  diftilled  from 
this  metal,  a  white  fublimate,  which  appeared  to  him 
to  be  arfenic  ;  and  a  reddiffi  fublimate,  the  properties  of 
which  he  could  not  examine  on  account  of  its  too  fmall 
quantity.  AlHhefe  fubltances  evidently  appear  foreign 
to  platina.  This  metal  then  refembles  gold  in  the  fmall 
action  which  the  fun  pie  acids  have  upon  it;  but  this  ana- 
logy is  (till  more  remarkable  in  its  folubility  in  aqua  regiff. 

The  aqua  regia  which  diflblves  platina  the  belt,  is 
a  compofition  of  equal  parts  of  nitrous  and  marine 
acids.  To  make  this  folution,  which  is  in  general 
more  difficultly  made  than  that  of  gold,  atf  ounce  of 
platina  mult  be  put  into  a  retort  with  a  pound  of  the  aqua 
regia  defcribed  ;  the  retort  is  fet  in  a  fand-bath,  :md 
a  recipient  is  adapted.  As  foon  as  the  acid  is  hot,  fe- 
veral  bubbles  arife  from  the  mixed  acid,  which  is  be- 
ginning to  act  upon  the  platina  :  the  gas  difengaged  has 
not  been  examined.  It|feems  nottobe  copious:  the  action 
of  the  menltruum  goes  on  without  violence  or  rapidity ; 
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mean  time,  it  affumes  at  firft  a  yellow,  which  paffes  to  an 
orange  colour,  and  deepens  gradually,  becoming  of  a 
very  obfeure  brown  red.  When  the  folution  is  finifh- 
ed,  fome  reddifh  and  black  fand  is  found  at  the  bottom 
of  the  retort,  which  is  feparated  by  decantation :  the 
liquor,  when  faturated,  depofites  gradually  fmall  fhape- 
leis  cryftals,  of  a  fallow  colour,  which  are  a  combina- 
tion of  acid  and  platina.  The  folution  of  platina  is  one 
of  the  mod  coloured  metallic  folutions ;  though  it  ap- 
pears of  a  deep  brown,  if  it  is  diluted  with  water  it  af- 
fumes' at  firft  an  orange  colour,  which  very  foon  be- 
comes yellow,  and  very  fnnilar  to  the  folution  of  gold : 
it  ftains  animal-matters  of  a  blackim  brown,  but  not  at 
all  purple.  M.  Baume  fays,  that  platina,  fufed  with 
the  focus  of  a  burning. glafs,  when  diffolved  in  aqua 
regia,  never  affumes  a  brown  colour  like  that  of  platina 
grains,  and  that  this  folution  is  of  a  deep  orange  yellow. 

M.  Macquer  afferts,  that  in  evaporating  the  folution 
of  platina,  and  allowing  it  to  cool,  much  larger  and 
much  more  beautiful  cryflals  are  obtained  than  thofe  it 
depofites  when  it  is  faturated.  Mr  Lewis  having  allow- 
ed this  folution  to  evaporate  in  the  open  air,  obtained 
cryftals  of  a  deep  red,  tolerably  large,  of  an  irregular 
figure,  refembling  benzoin  flowers,  though  they  were 
more  thick.  This  fait  is  fharp,  and  not  caultic  ;  it 
partly  melts,  allows  its  acid  to  diflipate,  and  for  a  refi- 
duum  gives  an  obfeure  grey  calx.  Concentrated  vitri- 
olic acid  occafions  a  precipitate  of  a  deep  colour,  which 
is  undoubtedly  a  vitriol  of  platina.  The  marine  acid 
in  fome  time  produces  ayellowifh  deposition. 

The  alkalis  and  faline- earthy  fubitances  decompofe 
the  folution  of  platina,  and  precipitate  this  metal  in  the 
jftate  of  a  calx.  Mild  fixed  alkali  occafions  an  orange 
precipitate.  This  precipitate  is  not  the  pure  c?.lx  of  pla- 
tina. Meifrs  Macquer  and  Baume  have  obferved,  thar. " 
it  owes  its  colour  to  a  certain  quantity  of  acid  which  it 
contains.  Its  colour  is  then  to  be  confidered  as  depending 
upon  a  portion  of  calx  and  a  portion  of  fait  of  platina 
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mixed  together.  This  opinion  is  proved  ;  becaufe,  by 
wafhing  the  precipitate  with  hot  water,  this  fluid  is  co- 
loured by  diifolving  the  fait  of  platina ;  and  the  refi- 
duum,  which  is  a  pure  calx  of  this  metal,  is  grey.  The 
fixed  alkali,  boiled  upon  this  precipitate,  readily  carries 
off  its  colour  by  decompofing  the  falts,  and  leaves  a 
calx  of  platina,  which  is  of  a  pearl-white  colour,  ac- 
cording to  the  experiments  of  M.  Baume.  This  che- 
mift  convinced  himfelf  of  the  folubility  of  the  precipi- 
tate of  platina  in  the  alkali,  by  pouring,  drop  by  drop, 
the  folution  of  this  metal  into  hot  fixed  alkali,  no  pre- 
cipitate falling  down.  It  is  on  this  account  that  this  fo- 
lution, precipitated  by  the  fixed  alkali,  retains  always 
a  deep  colour ;  and  the  platina  is  eafily  obtained  by 
evaporation  to  drynefs.  M.  Margraaf  difcovered,  that 
the  mineral  alkali  did  not  precipitate  the  folution  of  pla- 
tina :  this  phenomenon  is  furely  owing  to  the  immediate 
rediffolution  of  the  platina  in  the  alkali.  The  alkali,  fa- 
turated  with  the  colouring  part  of  Pruffian  blue,  forms 
a  copious  blue  precipitate,  which,  according  to  M.  Bau- 
me, is  owing  to  the  iron  contained  in  the  alkali ;  fince, 
if  Pruflian  alkali  is  employed,  which  is  deprived  of  the 
iron  which  it  contains  by  means  of  the  procefs  men- 
tioned by  this  chemift,  it  gives  with  the  folution  of  pla- 
tina only  a  few  atoms  of  blue,  owing  to  the  fmall  por- 
tion of  iron  which  this  metal  always  contains.  The 
Pruflian  volatile  alkali  forms  two  precipitates  in  this  fo- 
lution, as  Mr  Lewis  has  obferved;  one,  which  is  yellow 
and  very  copious,  occupies  the  inferior  part  of  the  mix- 
ture ;  the  other  is  blue,  and  above  it.  This  laft  is  fo 
fcanty,  that  it  difappears  upon  agitation. 

The  volatile  cauftic  alkali  precipitates  platina  of  an 
orange  yellow.  This  precipitate  is  almoft  entirely  fa- 
line  ;  the  greateft  part  diffolving  in  the  water,  and  be- 
coming coloured,  like  a  folution  of  gold.  After  the  ac- 
tion of  the  water  upon  this  precipitate,  a  blackifli  fub- 
ftance  remains,  which  appears  to  be  ferruginous.  There 
is  this  great  difference  between  the  precipitate  of  pla- 
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tina  and  that  of  gold  by  the  volatile  alkali,  that  the  firft 
does  not  fulminate  as  the  fecond  does. 

The  gall-nut  precipitates  platina  of  a  deep  green, 
which  turns  pale  gradually  by  repofe. 

All  the  precipitates  obtained  from  the  folution  of 
platina  by  means  of  the  alkaline  fubftances,  are  not 
fufceptible  of  vitrefication  and  of  colouring  glafs.  In 
the  trials  which  Meffrs  Lewis  and  Baume  made  to  this 
purpofe,  the  platina  was  always  reduced  into  imall 
grains,  into  ramifications,  or  refemblances  of  lace.  A 
kind  of  button  of  platina  may  be  obtained,  by  fubjec- 
ting  thefe  precipitates  to  the  action  of  fome  reductive 
fluxes,  as  borax,  cream  of  tartar,  glafs.  Meffrs  Mac- 
quei  and  Baume,  in  thirty-five  minutes,  fufed  a  preci- 
pitate of  platina,  mixed  with  fluxes,  by  a  fire  of  a 
forge  blown  with  two  bellows.  Under  a  hard  blackifh 
glafs,  refembling  that  of  bottles,  they  obtained  a  bril- 
liant button  of  platina,  which  appeared  to  have  been 
well  fufed.  This  button  was  not  ductile  ;  it  was  bro- 
ken into  two  pieces ;  the  internal  part  of  which  was 
hollow.  This  metal  prefented  a  granujated  texture  and 
coarfe  fracture  :  it  was  nearly  as  hard. as  forged  iron, 
and  it  fcratched  deeply  gold,  copper,  and  even  iron. 
Although  we  have  faid  that  the  precipitates  of  platina 
!  did  not  appear  fufceptible  of  vitrefication  or  mixture 
'  with  glafs,  M.  Baume,  however,  fufed  them  into  a  vi- 
:  treform  matter  by  two  different  proceffes.  The  preci- 
pitate of  platina,  mixed  with  borax  and  a  very  fufible 
white  glafs,  and  expofed  for  thirty-fix  hours  to  the 
hotteft  place  of  a  potter's  furnace,  produced  a  greenifh 
glafs,  inclining  to  yellow,  without  the  appearance  of 
metallic  globules.  This  glafs,  heated  with  cream  of 
tartar  in  a  violent  fire,  exhibits  the  platina  reduced  in- 
to grains,  which  it  has  feparated  from  the  blackifh 
glafs  in  which  they  were  difperfed,  by  pulverifation  and 
warning.  This  chemift,  along  with  M.  Macquer,  then 
expofed  the  precipitate  of  platina  to  the  focus  of  the 
fame  burning  mirror  with  which  they  had  fufed  this 
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metal.  This  precipitate  exhaled  a  very  thick  and  very 
luminous  fmoke,  which  fmelled  ftrongly  of  aqua  regia: 
it  loft  its  red  colour,  and  refumed  that  of  platina,  and 
was  fufed  into  a  fmooth  brilliant  button,  which  was 
only  an  opaque  vitrefcent  matter,  of  a  hyacinth  colour 
at  its  furface,  and  blackifh  internally ;  which  may  be 
confidered  a  true  glafs  of  platina.  It  is  necelfary,  how- 
ever,  to  obferve,  that  the  faline  matters  with  which  it 
was  impregnated,  contributed  without  doubt  to  its  vi- 
trefication. 

The  precipitate  of  platina  does  not  appear  to  be  fo- 
luble  in  the  fimple  acids  :  but  it  diffolves  very  well  in 
aqua  regia  ;  to  which  it  gives  only  an  orange  colour, 
never  coming  up.  to  the  brown  which  platina  in  grains 
exhibits. 

The  folution  of  platina  is  not  precipitable  by  the  al- 
kaline orJperfe£t  neutral  falts ;  but  fal  ammoniac  occa- 
lions  a  copious  depofition.  It  is  not  yet  quite  certain 
what  happens  here.  It  appears  that  the  orange  preci- 
pitate, which  is  obtained  by  pouring  a  folution  of  fal 
ammoniac  into  a  folution  of  platina,  is  a  true  faline 
fubftance,  entirely  foluble  in  water.  A  very  import- 
ant property  was  difcovered  in  this  precipitate  by  M.  de 
Lifle  ;  which  is  its  fufibility  per  fe,  and  without  addi- 
tion, with  a  flrong  fire  of  a  furnace,  or  of  that  of  an 
ordinary  forge.  Platina  fufed  by  this  procefs  is  in  the 
form  of  a  very  denfe  and  compact  brilliant  button  ;  but 
it  lofes  malleability,  and  does  not  become  ductile,  till 
it  is  expofed  to  a  very  intenfe  heat.  M.  Macquer 
thinks,  that  the  fame  thing  happens  in  *his  fufion  as  in 
the  fufion  of  platina  in  grains  when  expofed  to  the  ac- 
tion of  a  violent  fire;  that  it  is  only  an  agglutination 
of  the  fofrened  molecules  ;  which,  being  infinitely 
more  divided  and  more  fubtile  than  the  grains  of  pla- 
tina, approach  nearer,  and  touch  one  another  in  many 
more  points,  than  they  do :  which  circumftance  ren- 
ders the  texture  of  this  metal  much  more  compact, 
although  it  has  undergone  no  true  fufion.  How- 
ever, 


CHEMISTRY. 


137 


ever,  let  us  obferve,  that  if  platina  in  grains  fufes  with 
a  burning  lens,  and  acquires  a  very  confiderable  duc- 
tility, the  precipitate  of  this  metal  by  fal  ammoniac 
may  as  well  be  fufed  on  account  of  its  extreme  divi- 
fion  ;  and  that  if  it  is  not  as  ductile  as  the  button  of 
platina  fufed  by  the  rays  of  the  fun,  it  depends  per- 
haps upon  the  retention  of  fome  matter  which  it  has 
carried  along  with  it  in  its  precipitation,  of  which  it 
may  be  deprived  by  the  action  of  fire. 

M.  Margraaf  diffolved  platina  in  an  aqua  regia  com- 
poled  of  fixteen  parts  of  nitrous  acid  and  one  part  of 
fal  ammoniac.  Upon  diftilling  this  folution  to  drynefs, 
and  till  the  bottom  of  the  retort  was  red,  a  fait  of  a 
deep  red  was  firblimed ;  and  the  refiduum  was  irt  the 
form  of  a  reddifh  powder.  It  is  not  known  if,  from, 
the  folution  of  platina  in  a  fimple  aqua  regia,  that  is, 
made  with  pure  nitrous  and  marine  acids,  the  fame 
fublimate  would  be  obtained  by  diftillation. 

Meffrs  Margraaf,  Baume,  and  Lewis,  mixed  the  fo- 
lution of  platina  with  folutions  of  all  the  other  metallic 
fubftances.    The  remit  of  thVir  experiments  is,  that 
almoll  all  the  metals  precipitate  platina  in  the  form  of 
a  brick-red  or  brown  powder  ;  and  that  each  of  thefe 
precipitates  enjoys  metallic  properties,  as  is  the  cafe 
with  mod  of  the  other  metals.     This  is  an  analogy 
which  exifts  alfo  between  gold  and  platina,  although 
this  laft  does  not  with  tin  give  a  purple  colour  as  gold 
does,  but  rather  a  brown  precipitate,  inclining  to  red. 
With  refpeft:  to  the  effect  of  the  different  metallic  folu- 
tion* upon  platina,  it  will  be  fufHcient  to  obferve,  that 
bifmuth  and  lead  in  the  nitrous  acid,  iron  and  copper 
in  the  different  acids,  and  gold  in  aqua  regia,  produce 
no  precipitate  in  the  folution  of  platina,  according  to 
M.  Margraaf ;  and  that,  on  the  contrary,  the  foluti6ns 
of  the  arfenical  neutral  fait,  zinc,  and  filver,  by  the  ni- 
trous^acid,  precipitate  it  ;  the  firft,  in  a  cryftallifed  fub- 
ftance,  not  copious,  of  a  fine  golden  colour ;  the  fe- 
cond,  in  an  orange  red  matter  j  and  the  third,  in  a 
Vol.  II.  K  yel- 
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yellow-coloured  matter  :  thefe  different  precipitate* 
have  not  yet  been  properly  examined,  nor  is  the  de- 

compofition  occafioned  underftood. 

The  moft  part  of  the  neu-tral  falts  have  no  action  up. 
,  on  platina.  M.  Margraaf,  in  a  violent  fire,  heated  pla- 
tina  with  vitriolated  tartar  and  Glauber's  fait :  the  falts 
were  fufed,  and  the  platina  remained  in  grains  without] 
alteration  :  it  had  communicated  only  a  fmall  reddiflv 
colour  to  the  faline  matters,  no  doubt  from  the  iron- 
with  which  it  was  mixed. 

Nitre  alters  platina  in  a  fingular  manner,  according- 
to  the  experiments  of  Meffrs  Lewis  and  Margraaf.  Al- 
though it  does  not  detonate  with  platina  when  a  mix- 
ture of  thefe  fubftances  is  projected  into  a  red  hot  cru- 
cible ;  however,  upon  the  application  of  a  ftrong  and. 
long-continued  heat,  fuch  as  Mr  Lewis  ufed  for  three- 
days  and  nights  fucceffively  to  a  mixture  of  one  part  of 
platina  and  two  of  nitre,  the  metal  acquires  the  colour 
of  ruft.    If  the  mixture  is  boiled  in  water,  the  alkali- 
is  diffolved,  r.nd  carries  along  with  it  a  brownifh  pow- 
der ;  and  the  platina  feparated  from  this  ley  is  found 
diffolved  more  than  a  third.    The  brown  powder  is- 
feparated  by  filtration.  This  powder  fee  ins  to  be  a  kind 
of  calx  of  platina  mixed  with  a  little  crocus  martis. 
Mr  Lewis  at  laft  gave  this  calx  a  whitifh-grey  colour 
by  repeated  dillillations  with  fal  ammoniac.    M.  Mar- 
graaf, who  repeated  this  excellent  experiment,  has  added" 
two  important  facts  ;  the  one  is,  that  the  platina  com- 
bitted  with  the  alkali  of  the  nitre,  ^nd  diluted  with  a 
certain  proportion  of  water,  forms  a  gelly  ;  and  the 
other,  that  upon  calcining  the  portion  of  this  metal 
feparated  from  this  gelly,  diluted  with  water,  and  fiM 
trated,  it  took  a  black  colour  like  pitch.    This  expe-  J 
riment  announces  a  great  alteration  in  the  platina  ;  and 
it  would  be  of  great  confequence  to  continue  the  ex- 
perirrient,  to  fee  if,  by  the  force  of  repeated  calcina*! 
tions  with  nitre,  it  would  be  poffible  to  reduce  all  the 
metal  into  a  brown  powder,  like  that  of  which  we  have 
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been  fpeakrng  ;  and  in  particular  to  determine  the  ftate 
of  the  platina  thus  calcined. 

Marine,  febrifugal,  boracic,  and  earthy  falts,  pro- 
duce no  alteration  upon  platina,  nor  facilitate  its  fufion. 
Sal  ammoniac,  diftilled  with  this  metal,  gives  a  few 
flores  martiaks  from  the  iron  which  the  platina  con- 
tains. 

Chemifts  are  not  agreed  upon  the  reciprocal  action 
of  arfenic  and  platina.  M.  SchefFer  fays,  that  arfenic 
fufes  thi,s  metal :  but  the  experiment  did  only  in  part 
fucceed  with  Mr  Lewis,  and  not  at  all  with  Meffrs 
Margraaf,  Macquer,  and  Baume. 

The  combination  of  platina  with  cobalt,  nickel,  and 
manganefe,  never  has  been  tried. 

This  perfect  metal  alloys  very  well  with  bifmuth  ; 
which  renders  it  the  more  fufible  the  greater  the  quan- 
tity of  this  laft. 

This  alloy  is  brittle  :  it  becomes  yellow,  purple, 
and  blackifh  by  the  air:  it  cannot  be  cupelled  without 
the  greateft  difficulty :  it  forms  a  mafs  always  of  little 
ductility. 

Platina  fufes  eafily  with  regulus  of  antimony :  a 
brittle  metal  in  facets  refults  ;  from  which  the  regulus 
cannot  be  feparated  by  fire,  but  it  retains  always 
enough  of  it  to  render  the  platina  more  light  and 
brittle. 

Zinc  renders  platina  very  fufible,  and  combines  ea- 
fily with  it.  This  metal  is  brittle  and  hard  to  the  file: 
it  inclines  to  a  blue  when  the  platina  is  more  abun- 
dant than  the  zinc.  They  are  feparated  by  heat,  which 
volatilifes  the  zinc  :  platina,  however,  always  retains  a 
little  of  it. 

Platina  does  not  unite  nor  form  an  amalgam  with 
mercury,  notwithstanding  feveral  hours  trituration. 
The  feparation  of  gold  from  platina,  befides,  is  known 
to  be  pra&ifed  in  America.  Several  intermedia,  fuch 
as  water,  employed  by  Meffrs  Lewis  and  Baume,  and 
aqua  regia  by  M.  SchefFer,  do  not  facilitate  in  any  de- 
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grce  their  union  :  this  property  feems  to  bring  it  near 
to  iron,  whofc  colour  and  hardnefs  it  already  poflef- 
fes. 

Platina  alloys  very  well  with  tin.  This  alloy  is  very 
fufible,  and  runs  eafily.  It  is  brittle  and  fragile  even 
by  a  Itroke,  when  equal  parts  are  employed.  When 
the  tin  is  in  the  dofe  of  a  dozen,  and  even  more  parts, 
to  one  of  platina,  this  mixt  metal  is  very  ductile  ;  but 
it  has  an  unpolilhed  and  coarfe  grain,  and  it  turns  yel- 
low with  the  air.  Platina  remarkably  diminilhes  the 
dudtility  of  tin,  and  appears  incapable  of  reparation 
from  this  alloy  i  however,  when  it  is  well  polifhed,  it 
may  remain  a  long  rime  without  alteration  by  the  air. 
Mr  Lewis,  to  whom  we  are  indebted  for  almoitall  ou? 
knowledge  of  the  alloys  of  platina,  feems  to  have  fuc- 
ceeded  in  its  calcination,  and  in  dhTolving  it  in  marine 
acid  by  means  of  tin. 

Platina  and  lead  unite  very  well  by  fufion  ;  for  which 
a  ftronger  fire  is  necelTary  than  the  preceding  alloy  re- 
quires. Platina  deprives  lead  of  duclility.  From  their 
combination  a  mixt  metal  refults,  inclining  to  purple, 
more  or  lefs  brittle  according  to  the  proportion  of  pla- 
tina, ftriated  and  granulated  in  its  texture,  and  readily 
altered  by  the  air.  Cupellation  was  one  of  the  moft 
important  experiments  to  be  made  upon  platina ;  in- 
deed this  operation  was  alone  capable  of  purifying  it 
from  the  ftrange  metals  which  it  might  contain.  Mr 
Lewis,  and  feveral  other  chemifts,  have  in  vain  at- 
tempted to  cupel  platina  in  the  ordinary  cupelling  fur- 
naces, however  intenfe  the  heat  might  be  which  they 
produce;  The  vitrefication  and  abforption  of  the  lead 
took  place  in  the  commencement  of  the  operation,  on 
account  of  the  excefs  of  the  fufible  metal  :  but  in  pro- 
portion as  this  laff.  diminilhes,  the  platina  refumes  its 
infufibility  which  it  communicates  to  the  la(t  portions 
of  the  lead,  fo  that  it  fixes  upon  the  cupel,  and  weighs 
more  after  the  operation  than  before  it,  on  account 
of  the  lead  which  it  retains.    Meffrs  Macquer  and 
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TSaume,  however,  have  fucceeded  in  the  complete  re- 
paration of  the  lead.  They  expofed  upon  a  ctipel  an 
ounce  of  platina  and  two  ounces  of  lead  in  the  hot  reft 
place  of  a  furnace  for  baking  porcelain  of  Seves.  The 
fire  of  wood  applied  continues  fifty  hours.  At  the  ex- 
piration of  this  time,  the  platina  was  flattened  upon  the 
cupel ;  the  fuperior  furface  was  dull  and  wrinkled  ;  it 
was  eafily  taken  off;  its  inferior  furface  was  brilliant  ; 
and,  what  is'of  more  confequence,  it  was  capable  of 
extenfion  by  the  hammer.  This  chemilt  was  convin- 
ced, that  this  platina  contained  no  lead,  and  that  it 
was  very  pure.  M.  de  Morveau  likewife  fucceeded  in 
cupelling  a  mixture  of  one  gros  of  platina  and  two  of 
lead,  by  employing  the  furnace  with  M.  Macquer's 
vent.  This  operation  continued  from  eleven  to  twelve 
hours,  and  was  repeated  four  times.  M.  de  Morveau 
obtained  a  button  of  platina,  not  adhering,  uniform,  of 
a  colour  'refembling  that  of  tin,  a  little  rough,  which 
■weighed  a  full  gros,  and  feemed  nowife  affVcied  bv  the 
•magnet.  This  then  is  a  procefs  calculated  to  obtain 
platina  fufed  into  plates,  which  may  be  forged,  and  be 
confequently  employed  for  different  precious  utenfils, 
on  account  of  their  hardnefs  and  unalterability.  M, 
Baume  has  alfo  taken  notice  of  a  very  ufeful  property^ 
that  of  being  foldered  and  forged  like  iron,  without 
-the  affiftance  of  any  other  metal.  After  the  application 
of  a  white  heat  to  two  pieces  of  platina,  which  had 
been  cupelled  in  a  furnace  of  scves,  he  placed  them  on 
one  another,  and  fmartly  (truck  with  a  hammer;  they 
were  as  completely  and  folidly  foldered  as  two  pieces  of 
iron  would  have  been.  We  need  not  fay  any  more 
upon  this  experiment,  to  mow  the  advantages  which 
will  hence  accrue  to  the  arts. 

Mr  Lewis  could  not  obtain  an  alloy  of  forged  ffon 
and  platina.  This  mixt  metal  might  have  the  great 
advantage  of  uniting  the  hardnefs  of  ftecl  with  a  great 
■ductility  ;  at  lead  it  would  not  be  fragile  and  brittle 
-like  fleel.    This  Englifh  chemift  fufed  a  mixture  of 
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call  iron  and  platina.  This  alloy  was1  fo  hard,  that  a 
file  could  not  affecl:  it :  it  had  fome  ductility,  but  broke 
clean  when  it  was  red. 

Platina  gives  hardnefs  to  copper,  with  which  it  very 
eafily  fufes.  This  alloy  is  ductile  when  the  proportion 
of  the  copper  is  three  or  four  parts  to  one  of  platina. 
It  is  fufccptible  of  a  fine  polifh,  and  does  not  tarnifh 
•when  expofed  to  the  air  in  ten  years. 

Platina  in  part  deftroys  the  duftility  of  filver,  aug- 
ments its  hardnefs,  and  tarnifhes  its  colour.  This 
mixture  is  very  difficultly  fufed  ;  the  two  metals  fepa- 
rate  by  fufion,  and  repofe.  Mr  Lewis  obferved,  that 
filver,  fufed  with  platina,  is  thrufl  to  the  fides  of  the 
crucible  with  a  kind  of  explofion.  This  phenomenon 
feems  to  belong  to  the  filver  alone,  as  M.  d'Arcet  favv 
this  metal  break  little  porcelain  veffels  in  which  it  was 
contained,  and  driven  above  thefe  veffels  by  the  action 
of  heat. 

Platina  does  not  readily  combine,  with  gold  without 
an  intenfe  heat.  It  greatly  alters  its  colour,  unlefs  it 
be  in  very  finall  quantity  ;  for  inftance,  a  forty-feventh 
of  platina,  and  all  inferior  proportions,  make  no  great 
alteration  upon  gold.  Platina  changes  the  ductility  of 
gold  only  in  a  fmall  degree  :  it  is  indeed  one  of  the 
metals  which  change  it  in  the  leaft  degree.  The 
weight  of  platina,  which  is  almoft  equal  to  that  of  gold, 
mitrht  be  favourable  to  deceit  ;  and  on  that  ac- 
count  the  Spamih  premier  lhut  up  the  ores  of  platina. 
However,  frnce  the  dilcoveries  in  chemiftry  of  the  tells 
for  detecting  fuch  fraud,  of  gold  alloyed  with  platina, 
and  even  platina  alloyed  with  gold,  all  apprehenfions 
may  be  given  up  ;  and  it  is  ftrongly  to  be  wilhed  that 
the  mines  of  platina  were  opened,  that  focicty  might 
reap,  by  commerce,  thole  advantages  which  this  new 
metal  promifes. 

The  folution  of  fal  ammoniac,  as  we  have  feen,  has  the 
property  of  precipitating  platina.  If,  then,  gold  is  fuf- 
pected  of  being  alloyed  with  platina,  we  may  try  its  fo- 
lution 
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lution  in  aqua  regia  with  a  folution  of  fal  ammoniac  ; 
the  little  platina  which  it  contains,  will  occafion  an  o- 
range  or  reddifh  precipitate  :  if  there  is  no  precipitate, 
it  is  a  proof  that  the  gold  contains  no  platina  If  in 
happens  that  the  excellent  properties  of  platina  fbould 
render  it  every  day  more  rare  and  more  definable  than 
gold,  avarice  could  not  deceive  us  more  eafily  by  alloy- 
ing gold  with  this  metal,  as  a  folution  of  martial  vitriol, 
which  has  the  property  of  precipitating  gold  without 
•changing  that  of  platina  in  any  way,  would  infta.itly 
difcover  the  fraud.  A  lamina  of  tin,  immerfed  into  a 
folution  of  platina  alloyed  with  gold,  would  alio  difco- 
ver this  laft,  by  being  covered  with  a  purple  precipitate^ 
whilft  platina  gives  it  only  a  brown  colour  inclining  to 
red  ;  befides,  this  laft  precipitate  does  not  colour  glala, 
whereas  the  precipitate  of  gold  gives  it  a  purple  co- 
lour. 

.All  the  properties  of  platina  which  we  have  pointed 
out,  fe£m  to  prove,  that  this  fubltance  is  a  particular 
metal,  the  moft  perfect  and  moll  unalterable  of  them 
all.  Its  fmall  ductility  and  infufibility,  by  lbme  confi- 
dered  as  two  ftrong  objections  againft  this'opinion,  can- 
not, however,  refute  it;  fmce  there  is  perhaps  lefs  dif- 
ference between  the  fulibility  of  platina  and  that  of 
forged  iron,  than  there  is  between  the  fufibility  of  for- 
ged iron  and  that  of  lead  ;  and  fince  its  little  duculity, 
hitherto  known,  depends  only  upon  the  incomplete 
fufion  which  it  has  been  made  to  undergo.  As  ro  the 
opinion  of  the  learned  philolbphers,  who  look  upon  pia- 
tina as  an  alloy  of  gold  and  iron,  however  ingenious 
and  fatisfa&ory  it  may  appear,  it  cannot  be  admitted  ; 
for  this  metal  will  not  leparate  into  two  by  an  ac- 
curate analyfis  ;  and  at  prelent  platana  cannot  be  imi- 
tated by  artificially  alloying  gold  and  iron.  Laflly, 
M.  tylacquer  has  made  a  very  ftrong  objection  to  this 
laft  opinion,  obferving,  that  the  more  completely  pla- 
ina  is  freed  of  the  iron  which  it  contains,  the  more 
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it  differs  from  the  external  characters  and  properties  of 

of  gold 

It  is  fufficiently  underftood  of  what  important  ufe  this 
precious  metal  might  be,  if  introduced  into  commerce, 
fince  it  unites  the  indeftructibility  of  gold  with  a  hard- 
nefs  almofl  equal  to  that  of  iron  ;  baffles  the  action  of 
the  molt  intenfe  heat,  and  of  the  mod  concentrated  a- 
cids.  The  arts  and  chemiftry  would  doubtlcfs  reap  van: 
advantages  from  it  *. 

*  All  metals  owe  their  fluidity  to  heat,  and  are  found  in  a  folid 
or  in  a  fluid  ftate,  according  as  the  intenfuy  of  the  heat  is  augment- 
ed or  diminimed.    Even  platina  and  mercury  have  proved  fubjeft  to 
tli is  general  law;  from  which  they  were  long  fuppofed  to  be  ex- 
empted.   More  accurate  and  recent  experiments  have  fhown,  that 
platina  may  be  fufed  without  addition  by  the  aftion  of  heat  a- 
lone,  and  that  mercury  may  be  congealed  into  a  folid  mafs  by  ex- 
pofure  to  a  fufficient  degree  of  cold.   The  fufion  of  platina,  and  the 
congelation  of  mercury,  require  the  moft  intenfe  degrees  of  heat  and 
of  cold  which  it  is  in  the  power  of  art  to  produce.    Metals  fuffer  no 
change  from  the  mere  act  of  fufion,  but  are  found,  after  they  have 
cooled,  to  be  quite  unaltered,  and  to  be  the  fame  in  every  refpeft  as 
they  were  before  melting.    Many  metals,  in  palling  from  a  fluid  to 
a  folid  ftate,  lofe  J  heir  heat  fo  gradually  as  to  pafs  into  an  interme- 
diate degree  of  cohefion,  where  fome  part  is  fluid  and  fome  part  fo- 
lid, and  where  the  whole  mafs  bears  a  diftant  refemblance  to  a  par- 
cel of  wet  fand.    Lead  is  the  moft  remarkable  of  metalc  for  this 
property  :  other  metals  inftantly  congeal  upon  loiing  their  heat,  and 
pafs  from  a  fluid  to  a  folid  ftate  with  a  very  fudden  tranfition,  ai  wa- 
ter into  ice.     In  fome  cafes,  the  external  furface  of  the  mttal  con- 
geals, while  the  more  internal  parts  continue  fluid.    This  happens 
in  the  cupellation  of  filver  with  lead:  the  moment  the  whole  lead  is 
fcorified  and  abforbed  by  the  cupel,  the  fame  degree  of  heat  is  no 
longer  able  able  to  keep  the  filver  in  fufion  ;  fo  it  congeals  on  the 
furface;  and  as  the  hardened  fhell  of  filver  contracts  during  congela- 
tion, the  fluid  metal  within  is  fqueczed  out  through  different  crevicea, 
and  forms  what  is  called  the  vegetation  of  the  button. 

The  contraction  of  filver  during  congealation  is  a  property  com- 
mon to  it  with  moft  other  metals.  Gold  is  very  remarkable  in  this 
refpefl.  It  feems,  when  in  fufion,  to  rife  in  the  crucible  with  a  con- 
vex furface  as  it  melts,  and  to  contract  very  greatly  as  it  fixes  in  the 
mold.  But  though  this  be  the  general  cafe,  there  arc  fome  excep- 
tions to  be  remarked,  in  which  metals  expand  upon  cooling.  Bif- 
muth  and  iron  expand  in  fixing  ;  fo  that  a  piece  of  cold  iron  will 
float  on  the  furface  of  melted  iron  :  and  on  account  of  this  property 
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bifmnth  is  added  to  compofitions  of  type  metal,  to  give  a  (harp  im- 
prcfDon  from  the  mould. 

All  metals,  when  in  fufion,  become  folvents,  and  are  capable,  of 
Biffolving  fome  other  metal.    But  they  are  not  able  to  diffolve  any 
other  kind  of  matter,  neither  earths  nor  metallic  calces;  nor  is  there 
any  calx  which  is  foluble  in  the  metal  from  which  it  was  made. 
Thole  cafes  in  which  a  folution,  or  even  a  mixture,  was  fuppofed  to  ' 
take  place  between  a  calx  and  a  metal,  are  entirely  founded  upon  a 
milconception  of  the  faft.    When  iron  is  faid  to  unite  with  the 
white  calx  of  arfenic  by  fufion,  we  entirely  overlook  the  change 
which  happens  before  the  union.    There  is  in  this  combination  a 
regular  fcrits  of  chemical  proceffes  performed.    The  arfenic  firfk 
calcines  a  portion  of  the  iron,  beeomes  a  regulus  itfelf,  and  in  this 
ttate  combines  with  the  metallic  iron,  while  the  martial  calx  is  re- 
jected from  the  mixture  :  fo  that  the  inftance  of  arfenic  and  iron,  in- 
itead  of  being  an  exception  to  the  general  rule,  proves  the  llrongeft 
confirmation  of  its  truth.    But  when  every  obftacle  is  removed,  and 
two  metals  are  combined  by  the  affiftance  of  heat,  we  obtain  a  mix- 
ture, poffeffed  of  properties  which  we  would  not  expedt  to  refult  from 
the  union  of  the  component  metals.  The  mixture  is  termed  an  alloy ; 
and  we  find  univerfally,  that  all  alloys  are  more  fufible  than  either 
of  the  metals  of  which  they  are  compofed.    By  the  addition  of  gold 
to  iron,  an  alloy  is  formed  of  very  eafy  fufion  :  and  Mr  Rofen  men- 
tions a  mixed  metal,  confifting  of  lead,  zinc,  and  bifmuth,  which  will 
melt  with  a  heat  not  exceeding  that  of  boiling  water.    The  fufible 
mixture  of  Sir  Ifaac  Newton  has  long  been  known  to  chemifts,  tho* 
it  requires  a  greater  degree  of  heat  than  the  com'polition  mentioned 
by  M.  Rofen.    When  we  compare  the  fufibility  of  alloys  with  the 
fufible  quality  of  compound  ftones,  and  contider  that  all  fimple 
earths  ate  quite  unalterable  by  heat,  but  that  they  acquire  a  fufibi- 
lity by  mixture  with  each  other ;  we  perceive  an  analogy,  which  may 
at  la tt  lead  to  a  difcovery  of  the  caufe  upon  which  the  whole  refts. 

The  fpecific  gravity  of  alloys  is  but  rarely  the  intermediate  gra- 
vity of  the  two  met  ah.  In  molt  cafes  it  proves  heavier  than  compu- 
tation, in  others  lighter.  But  what  is  molt  worthy  of  notice,  we 
often  find  the  alloy  heavier  than  the  heavielt  of  the  two  metals  of 
which  it  is  compofed ;  as  proves  to  be  the  cafe  in  mixture  of  tin  with 
copper,  and  in  many  other  alloys.  On  the  contrary,  other  alloys 
turn  out  fpecifically  lighter  than  the  iighteft  of  the  two  metals,  as 
we  are  told  happens  in  many  mixtures  of  platina  with  other  metals. 
All  the  phenomena  are  very  ftriking,  and  deferve  the  mod  feiious 
conlideration  to  invelligatc  their  caufe.  They  clearly  dcmonlt rate  a 
moft  intimate  penetration  of  parts,  and  a  complete  chemical  folution 
and  union  of  the  integrant  parts  of  the  metals  with  each  other  ;  they 
fhow  the  futility  of  trulting  to  the  fpecific  gravity  of  an  alloy  to 
judge  of  the  proportional  quantities  of  known  component  metals. 
If  we  fhould  even  attempt  to  form  tables  of  fpecific  gravity  by  com- 
2  putation, 
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putation,  we  mult  beware  left  we  fall  into  an  error  in  the  mcde  of 
our  computing.  It  is  a  capital  miflake,  and  makes  an  effential 
difference  in  the  refult,  to  fubllitute  equal  weights  inllcad  of  equal 
bulks.  To  underftand  the  proof  of  this,  let  us  take  an  example 
of  two  metals  ;  the  fpecific  gravity  of  one  of  which  we  (hall  fuppofc 
9,  and  of  the  other  18.  The  fpecific  gravity  of  an  alloy  of  equal 
bulks,  conceived  to  be  mechanically  mixed,  will  prove  an  arthmcti- 
cal  mean  of  134-;  becaufe  8  =27  ;  the  weight  in  air  being  divided 
by  2,  the  lofs  which  the  component  metallic  fubftances  fultain  by 
weighing  in  water,  is  \n=i^\.  But  if,  inftead  of  equal  bulks, 

we  affume  equal  weights,  then  as  18  parts  of  the  heavier  metal  lofe  1, 
and  t8  of  the  lighter  lofe  2,  the  mixture  of  both  will  lofe  exactly  3 
parts,  and  the  fpecific  gravity  of  the  mixed  metal  will  be  ^=12, 
greatly  lefs  than  the  other  mode  of  computation.  Errors  of  this 
kind  are  fo  frequently  committed  by  chemical  calculators,  that  it  is 
proper  every  perfon  be  apprifed  of  them,  before  he  undertakes  a  fet 
of  experiments  upon  the  fubjeft. 

The  effects  of  metals  in  an  alloy  are  not  reciprocal  upon  each  other. 
For  although  the  addition  of  gold  or  of  filver  to  lead  or  tin,  renders 
both  thefe  bafe  metals  vaftly  more  fufible,  yet  the  fmallell  impregna- 
tion of  lead  or  tin  will  impair  the  ductility  of  gold  and  filver  in  a 
wonderful  degree.  So  remarkable  is  the  effect  of  tin  in  debating 
the  ductile  quality  of  gold,  tl)3t  even  the  vapours  of  a  tingle  grain  of 
tin  will  render  a  whole  pot-full  of  gold  quite  brittle  and  ufelefs,  as 
workmen  often  experience  to  their  colt  ;  who  are  frequently  compel- 
led, on  thi3  account,  to  pull  down  a  brick  furnace  and  rebuild  it,  in 
order  to  remedy  the  defect. 

Metals  feem  only  to  be  mifcible  with  each  other  in  certain  pro- 
portions, and  to  have  a  fixed  point  of  faturation,  in  the  fame  way 
as  the  mixture  of  other  fubttances  ;  though  it  is  a  difficult  matter  to 
determine  the  fadt  by  a  regular  fet  of  experiments.  They  thould 
alfo  feem  to  admit  of  different  degrees  of  intimacy  in  their  union; 
as  fome  of  them,  though  to  all  appearance  completely  blended  to- 
gether, may  be  feparated  by  the  mere  effect  of  heat,  without  the 
akl  of  chemical  attraction.  This  is  the  cafe  in  many  competitions 
with  copper.  When  mixed  with  lead,  it  may  be  feparated  by  eli- 
quation  ;  that  is,  by  expofing  the  alloy  to  a  degree  of  heat  fufticient 
to  fufe  the  lead,  hut  not  to  melt  the  copper  ;  fo  that  the  liquid  lead 
may  run  off  from  the  pores.  In  the  fame  way  the  zinc  may  be 
entirely  confurned  from  brafs,  and  the  copper  reltored  to  its  origi- 
nal purity.  Had  the  incorporation  of  thofe  metals  been  very  com- 
plete, they  fhould  have  come  into  fufion  at  one  time,  as  gold  and 
iron,  though  pofTefTed  of  very  different  degrees  of  futibility.  It  is 
indeed  very  difficult  to  mark  all  the  gradations  in  the  fcale  of  union 
among  metals,  as  their  incorporation  may  be  more  or  lefs  perfect, 
and  they  may  be  either  chemically  difTolved  by  a  thorough  penetra- 
tion of  part6,  or  only  mechanically  mixed  together.    Wuen  two 
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metals  poffefs  very  nearly  the  fame  degrees  of  fufibility,  their  parts 
may  be  fo  tborongMy  blended  by  heat,  as  to  affume  the  appearance 
of  a  perfect  alloy.  Thus  the  alloys  of  gold  and  filver  would  feem 
to  be  nothing  more  ;  for  if  an  effay  be  made  of  different  parts  of  the 
ma's,  it  is  found  to  confilt  of  an  unequal  proportion  of  ingredients  : 
and  when  kept  fuled  for  fome  time  in  a  crucible,  they  fepa rate  from 
each  other,  the  gold  falls  to  the  bottom,  and  the  filver  floats  a-top, 
from  their  difference  of  fpecific  gravity.  In  order  to  form  fome 
judgment,  whether  two  metals  be  chemically  diffolved,  or  only  me- 
chanically mixed,  we  fhould  attend  to  the  following  circumftances. 
If  the  mixed  mafs  poffefs  an  intermediate  fpecific  gravity,  be  of  an 
intermediate  colour  and  ductility,  and  be  feparable  by  heat  alone  ; 
we  may  then  fafely  conclude,  that  they  are  only  mechanically  mix- 
ed :  but  if  the  colour,  ductility,  and  fpecific  gravity,  be  very  dif- 
ferent from  that  of  the  component  metals,  and  they  are  totally  in- 
feparable  by  heat,  we  have  then  juft  reafon  to  believe  in  a  moll  com- 
plete ctiemical  folution. 

Alloys  are  ufeful  to  obtain  the  exact  combination  of  properties 
which  we  wifh  a  metal  to  have.  They  are  ufed  in  .brafs,  type-metal, 
bell  metal,  pewter,  optical  fpecula,  and  many  other  purpofes  in  life. 

In  the  conversion  of  metals  into  calces,  by  expofure  to  the  in- 
fluence of  heat  and  air,  we  meet  with  a  diverfity  of  character  in  the 
different  metal?.    Some  of  them  endure  a  great  heat  hefore  they 
begin  to  calcine  ;  fome  calcine  eafily,  but  far  from  completely  ;  and 
fome  calcine  both  eafily  and  mod  perfedly.    Copper  and  iron  fu- 
ftain  a  violent  heat  before  they  throw  off  fcorified  fcales.  Bif- 
muth  and  lead  foon  lofe  their  metallic  appearance,   but  are  not 
afterwards  reduced  to  the   ft  ate  of  perfect  calces:  whereas  tin 
and  antimony  are  both  of  them  molt  perfectly  calcined  in  a  fhort 
time,  and  with  no  great  degree  of  heat.    Thofe  varieties  fugged 
fome  radical  differences  in  the  conftitution  of  the  metals,  which  our 
knowledge  of  the  fubject  has  not  hitherto  been  able  to  explain. 
The  calces  of  molt  of  them  are  convertible  into  glafs;  and  thia  dif- 
poluion  tovitrefy  letms  to  be  intimately  connected  with  the  degree 
of  calcination  which  they  have  fudained.    When  the  calcination  .is 
very  complete,  the  calx  cannot  be  made  to  vitrefy  by  any  degree  of 
heat.    Upon  this  account  we  find  the  calx  of  tin,  and  the  diapho- 
retic calx  of  antimony,  quite  infulible  :  but  when  the  calx  of  anti- 
mony is  mixed  with  any  of  the  reguline  metal,  it  is  then  brought 
into  a  Mate  capable  of  vitrefication.    The  calx  of  tin  cannot  be 
made  to  vitrefy  by  any  chemical  treatment,  unlefs  it  be  mixed  with 
fome  very  powerful  flux.    Even  with  the  moft  proper  additions  it 
is  nqt  eatily  fufed,   and  never  fl.iws  thin,  or  forms  a  very  perfeft 
glafs.    Litharge,   on  the  contrary,  which  is- the  glafs  produced 
from  lead,  is  not  capable  of  being  converted  into  an  earthy  calx. 
It  never  lofes  the  appearance  of  a  glafs,  and  is  very  eafily  reftored 
into  the  form  of  a  metal.    In  the  Hate  of  calces,  we  formerly  oh- 
ftived,  that  the  metallic  earths  were  not  mifcible  with  metallic  rcgu- 
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lufes:  but  in  this  ftate  they  readily  unite  with  all  earths,  promote 
their  vitrtfication,  and  are  the  mod  powerful  fluxes.  Glafs  of  lead 
ie  on  this  account  commonly  employed  to  fcorify  ores,  and  to  fepa- 
rate  the  metallic  matters  from  the  matrix  and  mineralizing  earths. 
Other  calces,  which  are  not  fo  fulible,  and  which  do  not  eafily  vi- 
trefy,  form  the  bafes  of  enamels  or  imperfeft  glafTes.  Putty,  the 
calx  of  tin,  is  u fed  in  the  formation  of  white  enamel:  and  all  co- 
lours which  muft  withlland  a  violent  heat,  burnt  into  veffds  of 
porcelain,  enamel,  or  glafs,  are  prepared  from  the  calces  of  fomc 
metal  or  other. 

All  metals  are  not  fubjeft  to  calcination  by  the  effects  of  heat  and 
air,  as  we  find  that  gold,  filver,  and  platina,  are  exempted  from 
their  influence;  though  thofe  three  perfect  metals,  and  every  other 
metallic  fubftance,  may  readily  be  calcined  by  folution  in  an  acid 
menltruum.  Some  fpecies  of  an  acid  in  a  liquid  form,  either  iimple 
or  mixed,  is  to  be  found  capable  ofdiffolving  any  given  metal  ;  and 
the  metal  is  afterwards  to  be  obtained  in  form  of  a  calx,  either  by 
evaporation  to  drynefs,  and  expulfion  of  the  acid  by  heat  ;  or,  if 
the  end  be  not  attainable  in  this  way,  it  will  be  by  precipitating 
the  metallic  earth  by  means  of  an  alkaline  fait.  Metallic  earths,  ia 
this  degree  of  calcination,  are  eafily  diffolved  in  the  acids  from  which 
they  fell,  and  even  become  foluble  in  weaker  acids  which  had  no 
power  over  them  before,  and  could  not  be  made  to  diffolvc  them  ia 
a  reguline  form.  What  change  they  have  undergone  to  prepare 
them  for  more  ready  folution,  will  appear  by  conlidering  the  aclioa 
of  acids  upon  manganefe.  It  is  fufficiently  known,  that  the  addi- 
tion of  fome  inflammable  fubitance  is  rcquifite  to  promote  the  folu- 
tion of  black  manganefe  in  acid  menftrua.  The  manganefe  foon  be- 
comes foluble,  falls'  from  the  acid  in  form  of  a  white  precipitate, 
and  may  thereafter  be  reftored  to  its  former  blacknefs  by  fufficient 
calcination  :  fo  that  this  white  precipitate  is  lefs  calcined,  and  ap- 
proaches more  nearly  to  the  (late  of  a  regulus,  than  the  black  man- 
ganefe. From  thefe  appearances,  we  are  led  to  conclude,  t fiat  tho' 
all  metals  muft  be  fomewhat  calcined  before  acids  candiflulve  them, 
they  muft  not  be  too  much  fo;  and  that  there  is  fome  intermediate 
degree  which  anfwers  the  purpofe  of  folution  beft.  Before  the  con- 
firmation of  thefe  facrts,  we  knew  that  metals  might  be  too  highly 
calcined  to  be  readily  foluble  in  acids  ;  but  we  bad  no  direA  proof 
that  this  power  was  recoverable  by  a  nearer  approximation  to  a 
metallic  flate.  There  are  indeed  many  fads  which  ferve  to  iMuftrate 
this  principle  ;  a?,  for  example,  a  folution  of  iron,  which  becomes 
turbid  when  expofed  to  the  air,  from  the  precipitation  of  an  ochry 
matter.  This  is  no  more  than  the  metal  becoming  too  much  cal- 
cined to  be  longer  capable  of  fufpenfion  in  the  acid.  Other  proofs 
might  be  given,  if  the  doftrine  were  now  not  thoroughly  cftablifhed, 
and  if  it  were  not  certain,  that  neither  reguline  metals,  nor  perfed 
ca'ces,  are  foluble  in  their  proper  menftrua.    The  degree  of  calci- 
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nation  which  metal9  muft  undergo,  varies  in  different  cafes  ;  and  1*9 
affeded  by  circumftances  of  the  folution  of  the  fame  metal  in  the 
fame  acid,  and  may  be  more  or  lefa  calcined  and  yet  perfectly  dif- 
folved.  We  know  that  nitrous  acid  will  diffolve  mercury  in  the  cold; 
and  after  the  action  has  ceafed,  the  affittance  of  heat  will  enable 
the  acid  to  diffolve  more.  Now,  what  is  lad  taken  up  is  in  a  me- 
tallic form  ;  and  the  proof  of  the  opinion  is,  that  calomel  may  be 
precipitated  by  the  addition  of  common  fait  (See  article  Jlfsrcury)f 
which  cannot  be  done  from  a  folution  made  by  gold  ;  and  calomel, 
prepared  in  the  common  way,  is  nothing  but  a  neutral  marine  fait, 
incorporated  by  trituration  with  forae  metallic  mercury.  The  effect 
of  heat  to  promote  the  folution  of  a  metal  in  its  entire  form,  is  the 
more  remarkable,  when  we  confider  the  folution  of  tin  in  aqua  regia 
is  effected  in  the  oppofite  manner,  where  the  metal  is  calcined  by 
the  fraallelt  degree  of  heat,  and  rendered  infoluble. 

Once  a  metal  has  been  diffolved  in  an  acid,  it  may  be  thrown  down 
from  the  folvent  by  the  addition  either  of  an  alkaline  fait,  or  of  fome 
other  metal  which  poffeffes  a  ftronger  attraction  to  the  menftruum. 
But  in  the  cafe  of  metallic  precipitations,  we  meet  with  many  ano- 
malous fads,  which  it  is  not  eafy  to  reduce  under  any  general  law. 
A  folution  of  green  vitriol  will  precipitate  gold  from  aqua  regia  ; 
and,  what  is  ftill  more  extraordinary,  a  folution  of  tin  in  aqua  regia 
will  precipitate  gold  from  aqua  regia  in  form  of  a  purple  powder, 
provided  the  folutions  be  fuflicienily  diluted  with  water.  Both  thefe 
fads,  efpecially  the  laft,  are  molt  iingularly  remarkable  ;  and,  in  a 
cafe  fo  ftrange,  it  feems  more  prudent  to  fufpend  our  judgment  of 
the  caufe,  than  to  adopt  an  opinion  which  may  be  ihconfiderate  and 
erroneous. 

Although  one  metal  is  precipitated  by  the  addition  of  another 
metal,  the  precipitation  is  not  always  occafioned  by  the  calx  of  the 
precipitant.  The  reafon  of  this  difference  is  obvious.  One  metal 
precipitates  another  by  means  of  a  double  eledive  attradion,  and 
gives  a  metallic  precipitate;  fo  that  the  conjoined  adion  of  the  two 
attradions  will  operate  more  powerfully  than  when  but  one  is  em- 
ployed, as  in  the  cafe  of  one  calx  difplacing  another  without  any 
fuch  affitlance.  And  it  is  for  the  fame  reafon  that  the  order  of  at- 
tradion of  acids  to  metals,  and  to  their  calces,  is  not  always  the 
fame  ;  and  whoever  means  to  conltitute  a  table  of  eledive  attradions 
with  much  accuracy,  will  do  well  to  attend  to  the  variation,  as 
M.  Bergman  has  done.  M.  Bergman  has  Hkewife  endeavoured  to 
employ  the  precipitation  of  one  metal  by  another,  ae  a  means  of 
ethmating  the  proportional  quantity  of  phlogillon  which  each  of 
feheft)  may  contain.  He  diffolves  100  parts  of  lilver  in  nitrous  acid, 
and  employs  different  metals  as  precipitants.  The  100  parts  of  fil- 
ver  were  found  to  require,  fu  order  to  precipitate  it  in  a  metallic 
ftate, 
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Parts. 

135       of  mercury* 

3 1        t—  copper, 
234       —  lead, 

SS        —  zinc, 

74  —  bifmutb. 
From  thefe  experiments  he  infers,  that  the  phlogifton  contained  in 
100  parts  of  filver  is  equivalent  to  that  contained  in  the  abovemen- 
tioned  proportion  of  precipitants  ;  and  thus  he  computes  the  pro- 
portional quantity  of  phlugilton  in  the  different  metals.  If  the  mode 
of  computation  be  juft,  we  ihould  find  all  metals  tally  with  each 
other,  whatever  ftandard  of  comparifon  be  ufed.  Thus,  as  the  cal- 
culation by  precipitating  filver  gives  the  proportion  of  phlogifton  in 
zinc  to  the  proportion  of  the  fame  principle  in  mercury,  as  55  to 
335>  55  Part8  °f  zinc  fliould  precipitate  135  of  mercury  ;  but  it  re- 
quires a  larger  proportion,  nearly  58.  One  hundred  and  feventy- 
fourparta  of  biFmuthfhould  fall,  according  to  M.  Bergman's  com- 
putation, by  55  parts  of  zinc,  though  they  confume  about  85  ;  a 
prodigious  irregularity,  from  which  we  may  fufped.  that  the  method 
is  by  no  means  accurate.  Indeed,  if  we  confider,  that  in  order  to 
make  the  fuccefs  complete,  the  acid  menftruum  muft  be  faturated  with 
quantities  of  different  metals,  which  contain  equal  portions,  of  phlo- 
gifton, we  perceive  that  there  is  little  chance  this  tefl  will  hold.  As 
135  parts  of  mercury  are  requifite  to  furnifh  phlogifton  to  100  parts 
of  filver,  the  fame  quantity  of  acid  muft  be  faturated  with  13c  parts 
of  mercury  and  100  of  filver,  elfe  many  inconveniences  will  enfue.  If 
we  fuppofethat  the  precipitant  metallic  fubftanceis  richerin  phlogiftoa 
than  the  one  to  be  precipitated,  but  that  its  calx  has  a  lefs  powerful 
attraction  for  the  folvent,  the  confequence  necefTarily  muft  be,  that 
when  a  fufficient  quantity  is  immerfed  to  furnifh  phlogiiton  to  the 
whole  of  the  difTolved  metal,  only  a  portion  of  it  will  fall,  correfpon- 
dent  to  that  portion  of  the  acid  now  faturated  with  the  precipitant. 
The  whole  cannot  fall,  elfe  part  of  the  acid  would  be  left  unfaturated, 
which  will  not  probably  happen,  and  phlogifton  will  efcape  in  the 
fo*lutton,  and  not  be  accounted  for  in  the  computation.  If  a  fuffi- 
cient quantity  of  the  precipitant  metallic  fubftance  be  not  foluble  in 
the  menftruum,  the  inconvenience  is  ftill  more  obvious,  as  the  whole 
of  thedifio'ved  metallic  fubftance  will  not  be  faturated  with  phlogi- 
fton ;  fo  that  no  juft  eftimate  can  be  obtained.  This  difficulty  ac-  . 
tually  occurs  in  precipitations  of  filver  by  tin,  where  a  portion  of 
tin  is  only  partially  calcined,  and  difturbs  the  accuracy  of  the  refult. 
There  are  fome  other  objections  which  might  be  itated  to  this  pro- 
pofal,  if  it  were  proper  to  dwell  at  greater  length  upon  a  fubject  of 
{peculation  fo  little  inveftigated. 

Metallic  calces  have  ali  been  fuppofed  to  refemble  the  nature  of 
an  earth,  and  were  commonly  fpoken  of  as  fuch  until  very  lately,  that 
M.  Scheele  difcovered  that  the  calx  of  arfenic  might  be  refolved  into 
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a  purr  ackl.  Since  that  time,  feveral  gentlemen  have  endeavoured 
to  profecute  the  fubjedt  upon  the  fame  principles  ;  and  fome  of  them 
have  had  the  good  fortune  to  meet  with  radical  acids, ,which  were, 
convertible  into  the  regulus  of  a  metal  by  proper  treatment.  The 
number  of  thofe  newly-difcovered  metallic  acids  is  three  ;  the  acid 
of  the  fidenim,  which  was  mentioned  as  the  caufe  of  cold  fhortnefs 
in  iron  ;  the  acid  of  the  lapis  ponderofus ;  and  the  acid  of  molyb- 
dsena.  Buc  fo  little  is  yet  known  of  the  diftinftive  properties  pof- 
fefied  by  the  metals  which  thofe  acids  produce,  that  it  will  be  fuffi- 
cient  to  announce  the  difcovery  of  them  here,  and  to  obferve,  that 
they  may  all  be  formed  into  perfect  metals,  by  means  of  the  fame 
treatment  and  additions,  as  the  calx  of  arfenic. 

The  doclrine  which  believes  in  the  limplicity  of  the  metallic  cal- 
ces, whether  thev  be  of  an  acid  or  of  an  earthy  nature,  i&.  exa&ly 
the  converfe  of  M.  Lavoifier's  theory,  which  fuppofes  (he  metals  to 
be  fimple  fubftnnces,  and  their  calces  to  be  combinations  of  them 
with  pure  air-  Whether  the  calces  affome  a  faline  or  earthy  appear- 
ance, this  fyftem  i6  alike  applicable,  as  M.  Lavoifier  alio  afftrts,  that 
all  acids  are  chiefly  eompoled  of  the  fame  kind  of  air.  According  to 
this  fyftem,  a  metallic  regulus  is  not  foluble  in  an  acid  from  a  defi- 
ciency of  air  in  the  acid,  or  from  a  greater  attraction  for  the  air  by 
the  acid,  and  not  from  the  redundancy  of  phlogifton  ;  and  is  ren- 
dered foluble  by  impregnating  the  acid  with  more  air,  as  happens 
in  digelling  marine  acid  upon  manganefe.  In  the  precipitation 
of  one  metal  by  another,  the  calx  fumifhes  the  air  to  the  metal, 
and  is  left  deftittite  itfelf  under  a  reguline  form.  When  the  folution. 
of  tin  in  aqua  regia  precipitates  gold  from  aqua  regia,  the  reafon  is 
obvious.  The  tin  poffeffes  a  ftrong  attraction  for  pure  air,  which  it 
.receives  from  the  gold,  that  received  it  from  the  acid  ;  and  thus  by- 
rubbing  the  gold  and  enriching  itfelf,  both  metals  become  no  longer 
foluble  in  their  common  menftruum.  So  far  iaconfonant  to  common 
experience,  that  gold  not  fufficiently  calcined,  or  tin  too  much  cal- 
cined, are  neither  of  them  capable  of  fufpenfion  in  aqua  regia. 

9 


L  E  C- 


152 


LECTURES  ON 


LECTURE  XLII. 
Genus  5.  Bitumens  *. 

THE  bitumens  are  combuftible,  folid,  foft,  or  fluid 
fubftances,  of  a  ftrong  acrid  aromatic  fmell,  feem- 
ing  to  be  much  more  compounded  than  the  bodies  of  the 
mineral  kingdom  juft  now  examined.  They  are  found 
cither  forming  layers  in  the  heart  of  the  earth,  or  drop- 
ping through  rocks,  or  fwimming  upon  the  furface  of 
waters.  Their  character  is,  they  burn  for  the  mod 
part  with  flame,  when  they  are  heated  with  the  contact 
of  air,  as  the  fubftances  do  which  are  formed  by  the 
organs  of  animals  and  vegetables,  and  to  which  we  give 
the  name  of  oils.  Their  analyfis  is  much  lefs  accurate 
than  the  analyfis  of  the  earthy,  faline,  or  metallic  bo- 
dies ;  becaufe  the  action  of  fire  alters  them  remarkably, 
and  principles  are  extracted  from  them  which  react  up- 
on one  another  in  proportion  as  they  are  volatilifed. 
The  bitumens  have  an  analogy  with  vegetable  and  ani- 
mal fubftances .  By  diftillation  they  give  over  an  odorous 
water  or  phlegm,  more  or  lefs  coloured  and  faline ;  an 
acid,  frequently  concrete ;  fometimes  fome  volatile  al- 
kali and  oils  ;  which,  from  being  light  at  firft,  become 
thicker  and  more  coloured  as  the  diftillation  advances, 
and  according  to  the  force  of  the  heat  applied.  After 
this  analyfis,  there  remains  a  greater  or  lefs  quantify  of 
grofs,  light,  rare,  brilliant,  or  compact  charry  matter, 
according  to  the  different  kinds  of  bitumens.  This  ana- 
lyfis fliows,  that  inflammable  bodies  have  a  vegetable 
or  animal  origin,  as  will  be  more  clearly  feen  in  the 
enumeration  of  their  properties. 

The- bitumens  fuffer  fome  alteration  from  light :  when 
they  are  fluid,  their  colour  deepens,  and  their  fmell  is" 
modified  in  tranfparent  veifels.    The  air  thickens  them 

by 

*  It  ought  to  be  recollected,  that  we  divided  the  mineral  combu- 
flible  fubltances  into  five  genera;  which  are,  the  diamond,  inflammable 
gas,  fulpur,  the  metallic  fubftances,  and  the  bitumens. 
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by  the  fucceflive  evaporation  of  their  humidity,  which 
flies  off  the  more  quickly  the  drier  the  air  is.  Their 
fpiritus  rector,  or  fmell,  ditfipates  in  the  fame  propor- 
tion ;  and  they  are  gradually  converted  from  the  Rate 
of  fluidity  to  tenacity  and  folidity  ;  but  a  great  number 
of  years  is  requiute  for  completing  this  alteration. 

Water  in  which  the  bitumens  are  boiled  does  not  dif- 
folve  them  ;  but  it  takes  up  their  fpiritus  rector,  and 
emits  the  fmell  which  is  peculiar  to  them  :  hence  it 
feems,  that  water  has  more  affinity  with  their  fmelling 
principle  than  with  the  oily  matter  of  the  bitumen,  and 
might  perhaps  thus  deprive  thefe  bodies  of  all  their 
odour. 

The  action  of  the  faline*earthy  matters  upon  the  bitu- 
mens has  not  been  examined.  However,  lime,  and  alfo 
the  pure  alkalis,  feem  capable  of  uniring  with  them, 
and  of  forming  compounds  foluble  in  water,  which  have 
got  the  name  of  foaps.  Nor  do  we  know  the  way  in 
which  the  mineral  acids  act  upon  them  ;  it  is  probable 
that  they  would  dilfolve  and  put  them  into  a  foapy  ftate, 
as  they  do  to  the  oils.  Nor  has  the  action  of  the  neu- 
tral falts,  inflammable  gas,  fulphur,  and  the  metallic 
bodies,  been  examined :  in  general,  indeed,  the  che- 
mical properties  of  thefe  bodies  are  but  very  little 
known.  This  fubject  is  entirely  new,  and  experiments 
might  produce  perhaps  ufeful  refults. 

The  naturalifts  have  been  much  more  bufied  about 
the  origin  and  formation  of  the  bitumens*  than  the  che- 
mifts  about  their  analyfis.  There  are  feveral  opinions 
upon  this  point.  Some  think,  that  thefe  combuftible 
bodies  belong  properly  to  the  mineral  kingdom,  and  that 
they  are  to  the  minerals  what  the  oils  and  refms  are  to  the 
organic  fubftances.  The  analogy,  which  is  fomewhar. 
agreeable  to  the  imagination,  does  not  agree  with  the 
facts ;  for  nothing  is  known  in  the  mineral  kingdom 
which  poueffes  the  character  of  oils.  For  this  rcafon, 
the  opinion  of  thofe  who  afcribe  the  bitumens  to  vege- 
table fubftances  buried  in  the  heart  of  the  earth,  and 
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altered  by  the  aaion  of  the  mineral  acids,  has  been 
more  generally  adopted  than  the  former.  In  fad,  every 
th  ing  proves  that  the  bitumens  originate  from  organic 
fubftances.  In  their  neighbourhood  a  great  deal  of 
thefe  fubftances  is  conftantly  found,  whole  form  is  di- 
ftinguifhable  ;  betides,  they  have  themfelvcs  the  chemi- 
cal characters  of  fubftances  formed  by  life ;  and,  in  a 
certain  degree,  they  may  be  imitated,  by  combining 
fome  oils  with  concentrated  vitriolic  acid.  In  the  che- 
mical hiftory  of  the  vegetable  fubftances,  we  mail  take 
Notice,  that  the  oil  of  vitriol,  put  in  contact  with  ef- 
fential  oils,  blackens,  hardens,  and  gives  them  a  ftrong 
pungent  odour,  refembling  that  of  the  bitumens.  But 
are  thefe  bodies  formed  only  by  vegetables  buried  in  the 
,carth,  as  moft  naturalifts  have  advanced,  and  do  ani- 
mals contribute  nothing  ?  The  great  quantity  of  bitu- 
mens which  exifts  in  the  heart  of  the  earthy  compared 
■with  the  little  wood  found  in  their  neighbourhood,  and 
In  particular  the  fmall  quantity  of  oily  fubftances  which 
thefe  vegetables  contain,  feem  to  oppofe  the  opinion 
that  the  origin  of  bitumens  is  entirely  owing  to  the  in- 
dividuals of  the  vegetable  kingdom :  on  the  contrary, 
the  abundance  of  thefe  combuftible  fubftances,  in  places 
where  only  traces  of  vegetables  are  found,  and  the  al- 
moft  conftant  appearance  of  the  carcafes  of  animals 
heaped  above  the  bitumens,  mould  lead  us  to  fuppofe, 
*  that  the  organic  fubftances  have  greatly,  and  perhaps 
even  more  than  vegetables,  contributed  to  their  forma- 
tion. Let  us  obferve  alfo,  that  the  fucceffive  layers  of 
.fome  bitumens  which  are  found  in  continued  maffes'in 
the  heart  of  the  globe,  announce  that  thefe  bodies  have 
been  flowly  depofited  by  the  waters,  and  that  their  for- 
mation correfponds  with  the  epoch  when  the  immenfe 
heaps  of  fheils  and  other  marine  fubftances  were  form- 
ed by  the  fea.  They  have  therefore  been  in  a  fluid 
{late,  and  blackened  through  time  by  the  acYion  of  fa- 
line  bodies,  or  of  other  agents,  which  the  heart  of  the 
earth  contains  in  great  quantity.    Such  is  the  opinion 
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of  M.  Parmentier,  member  of  the  College  of  Pharmacy, 
which  he  has  given  upon  the  origin  of  the  charcoal  of 
earth,  in  a  memoir  which  he  read  at  the  opening  of  the 
courfe  of  this  company.  The  oils  and  the  fats  of  ma- 
rine animals  appear,  then,  to  be  materials  which  nature 
ufes  for  the  formation  of  certain  bitumens,  whild  the 
origin  of  others  is  manifedly  vegetable,  and  is  owing 
to  the  refins  or  effential  oils  buried  and  altered  in  the 
earth. 

The  number  of  bitumens  is  very  great.  The  natu- 
ralids  have  made  feveral  genera  of  them.  Chemically 
confidered,  we  look  upon  them  as  fpecies;  becaufe  in 
fact  they  have  all  the  fame  characters  relatively -to  their 
chemical  properties.  Some  are  liquid,  others  are  of  a 
foft  ^confidence  :  fome  are  folid  ;  and  among  thefe  lad 
ibn'ie  are  hard,  and  fufceptible  of  a  polim  ;  others  are 
friable.  We  didinguifli  fix  very  didinct  fpecies  of 
them,  which  comprehend  a  great  quantity  of  varieties, 
which  we  mall  point  out.  Thefe  fix  fpecies,  whofe  hi- 
ftory  we  are  going  to  give,  are,  amber,  afphakes,  bi- 
tumen of  Judea,  jet,  charcoal  of  earth,  ambergris,  and 
petroleum. 

Species  1.  Amber. 

Amber,  called  yelloiu  amber  or  karabe,  is  the  fineft 
of  all  the  bitumens  in  its  external  characters :  it  is  in 
irregular  pieces,  of  a  yellow  or  brown  colour,  tranfpa- 
rent  or  opaque,  formed  of  layers  or  fcales.  It  is  fuf- 
ceptible of  a  very  pretty  polifh.  When  it  is  rubbed 
fome  time,  it  becomes  electrical,  and  capable  of  at- 
tracting draws.  The  ancients,  who  knew  this  property, 
gave  fuccinum  the  name  of  eledrum,  from  whence  cam-; 
electricity. 

This  bitumen  is  of  a  very  hard  confidence,  approach- 
ing to  that  of  certain  dones ;  which  circumdance  indu- 
ced fome  authors,  and  in  particular  Hartman  a  natu- 
ralid,  who  lived  about  the  end  of  the  lad  century,  to 
rank  them  among  the  precious  dones.    However,  it  is 
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friable  and  brittle.  "When  it  is  pounded,  it  emits  a  very 
agreeable  odour.  In  its  heart  infects  are  often  found 
very  well  preferved  and  very  diftinguimable  ;  which 
proves  that  it  has  been  liquid,  and  that  in  this  ftate  it 
enveloped  the  fubftances  found  in  it. 

Amber  is  for  the  molt  part  buried  more  or  lefs  deep- 
ly: it  is  found  under  coloured  fands,  in  fmall  incohe- 
rent pieces,  and  difperfed  in  beds  of  pyritous  earth; 
above  it,  wood  charged  with  a  blackim  bituminous 
matter  is  found :  hence  it  is  believed,  that  it  is  formed 
©f  a  refinous  fubflance,  which  has  been  altered  by  the 
vitriolic  acid  of  the  pyrites.  It  fwims  alfo  at  the  fides  of 
the  fea.  It  is  collected  on  the  fides  of  the  Baltic  fea  in 
Ducal  Prufiia.  The  mountains  of  Provence  near  the  city 
of  Sifteron,  the  marquifate  of  Ancona,  and  the  duchy 
of  Spoletto  in  Italy,  Sicily,  Poland,  Sweden,  and  fe- 
veral  other  countries,  produce  it.  The  colour,  the  tex- 
ture, the  tranfparency,  and  opacity  of  this  bitumen, 
foave  diftinguimed  a  very  great  number  of  varieties.  Ac- 
cording to  W allerius,  they  may  be  reduced  to  the  fol- 
lowing : 

1.  White  tranfparent  fuccinum. 

c.  Tranfparent  fuccinum,  of  a  pale  yellow. 

3.  Tranfparent  fuccinum,  a  citron  yellow. 

4.  Tranfparent  fuccinum,  of  a  golden  yellow ;  chry- 
feleclrum  of  the  ancients. 

5.  Tranfparent  fuccinum,  of  a  deep  red. 

6.  White  opaque  fuccinum  ;  leuceleclxum. 

7.  Yellow  opaque  fuccinum. 

8.  Brown  opaque  fuccinum. 

9.  Succinum,  coloured  green,  or  blue  by  foreign 

matters. 

10.  Veined  fuccinum. 

There  might  ftill  be  a  greater  number  of  varieties 
from  its  internal  appearances.  But  we  fhould  be  cau- 
tious with  regard  to  the  value  which  we  put  upon  fpe- 
cimens  of  it,  which  are  remarkable  for  their  fize,  tranfpa- 
rency, and  the  well-preferred  infecls  which  they  contain 
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internally ;  fmce  there  is  a  pofiibility  of  deception,  fe- 
ver.il  perfons  poflefling  the  art  of  giving  it  tranfparency, 
of  colouring  it  at  pleafure,  and  of  foftening  it  ib  as  to 
introduce  foreign  fubftances. 

Wallerius  takes  notice,  that  the  golden-coloured  am- 
ber always  owes  its  tranfparency  to  nature,  and  that  ar- 
tificial tranfparency  is  always  mixed  with  a  pale  colour. 

Although  it  be  very  probable  that  this  bitumen  owes 
hs  origin  to  vegetable  refinous  matters,  feveral  natural- 
ifts  have  had  different  opinions  upon  its  formation. 
Some  have  confidered  it  as  the  hardened  urine  of  cer- 
tain quadrupeds;  others  as  an  earthy  juice  which  the 
fea  has  carried  away,  and  which,  carried  by  the  waters 
upon  the  lhore,  is  dried  and  hardened  by  the  rays  of 
the-ftin.  This  clafs  of  naturalifts  confiders  it  as  a  par- 
ticular mineral  juice.  Such  was  the  opinion  of  an  an- 
cient naturalift  called  Philemon,  and  mentioned  by  Pliny. 
George  Agricola  afterwards  revived  it.  Frederic  Hofl- 
man  imagined  it  to  be  formed  of  a  light  oil,  feparated 
from  the  bituminous  woods  by  heat,  and  made  thick 
by  the  vitriolic  acid.  This  opinion  of  Hoffman  cannot 
be  adopted  ;  for  we  do  not  underftand.  how  an  oil,  fe- 
parated in  the  interior  parts  of  the  earth,  could  contain 
animals  which  live  only  at  its  furface.  It  is  more  than 
probable,  that  amber  is  owing  to  a  refmous  juice  which 
iirft  flows  fluid  from  fome  tree  :  this  juice,  buried  more 
or  lefs  deep  in  the  earth,  by  the  revolutions  which  the 
globe  has  fuffered,  is  hardened,  and  impregnated  with 
mineral  and  faline  vapours,  which  circulate  through  iu 
There  is  not  even  an  appearance  that  it.  has  been  alter- 
ed by  concentrated  acids ;  for  experiment  ihows  us., 
that  the  action  of  the  acids  would  have  blackened  and 
converted  it  into,  a  charry  matter.  Pliny  thought,  that 
amber  was  nothing  but  the  refin  of  the  pine,  hardened 
by  the  coolnefs  of  autumn.  Some  authors  have  thought, 
that  it  was  produced  from  a  kind  of  refin,  improperly- 
called  gum-copal,  which  had  tor  fome  time  continued  in 
the  earth.   But  whatever  analogy  there  may  feem  to 
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be  betwixt  thefe  two  fubftances,  we  cannot  abfolutely 
fpecify  the  kind  of  vegetable  matters  to  which  the  amber 
belonged. 

Amber,  expofed  to  the  fire,  does  not  liquefy  with- 
out a  very  ftrong  heat;  it  foftens,  and  bubbles  up 
greatly.  When  it  is  heated  with  the  contact  of  air,  it 
kindles,  and  emits  a  very  thick  and  very  fragrant  fume. 
Its  flame  is  yellowifh,  variegated  green  and  blue.  A 
black  mining  charcoal  is  left  after  combuftion,  which 
by  incineration  yields  a  very  fmall  quantity  of  brown 
earth.  M.  Bourdelin,  in  his  Memoir  upon  Amber, 
Acad.  1742,  obtained  only  eighteen  grains  of  this  earth 
by  burning  two  pounds  of  amber  in  a  matrafs.  A  half 
pound  of  the  fame  bitumen,  burnt  and  calcined  in  a 
crucible,  yielded  him,  in  a  fecond  operation,  twelve 
grains  of  an  earthy  refiduum,  from  which  he  procured 
iron  by  means  of  a  magnetic  bar. 

If  amber  is  diftilled  in  a  retort  and  with  a  graduated 
fire,  a  red  phlegm  at  firft  comes  over,  which  is  mani- 
feflly  acid.  This  acid  fpirit  retains  the  ftrong  odour  of 
the  fuccinum  ;  then  a  volatile  acid  fait,  which  cryftallifes 
in  fmall  white  or  yellowifh  needles  in  the  neck  of  the  re- 
tort ;  next,  a  whnte  and  light  oil  of  a  very  vivid  colour. 
This  oil  gradually  turns  coloured  as  the  fire  turns 
ftronger  ;  and  ends  in  a  brown  blackifh,  thick,  vifcous, 
matter,  like  empyreumatic  oils.  During  the  paffage  of 
thefe  two  oils,  a  certain  quantity  of  volatile  fait  fub- 
limes,  more  or  lefs  coloured.  After  this  operation, 
there  remains  in  the  retort  a  black  mafs,  moulded  up- 
on the  bottom  of  the  retort,  brittle,  and  refembling  the 
bitumen  of  Judea :  George  Agricola,  near  three  cen- 
turies ago,  made  this  obfervation  upon  diftilled  amber,  ff 
the  operation  is  conducted  with  a  gentle  and  well-regu- 
lated fire,  and  if  the  amber  is  in  great  quantity,  all 
thefe  products  may  be  obtained  feparately  by  changing 
the  receiver.  Generally  they  are  received  in  the  fame 
veflfel,  and  then  rectified  with  a  gentle  heat.  The  fpirit 
is  fomewhat  difcoloured  in  this  rectification.    The  'oil, 
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^hich  comes  over  black  at  the  end  of  the  operation, 
on  account  of  its  carrying  along  with  it  a  charry  mat- 
ter, and  of  the  reaction  of  the  acid  upon  its  principles, 
may  be  rendered  "very  white  and  light  by  feveral  fiictef-; 
five  diflrllations,  M.  Rouelle  has  given  a  very  good 
procefs  for  obtaining  it  in  this  (late  by  one  operation. 
For  this  purpofc,  this  oil  is  to  be  put  along  with  fome 
water  into  a  glafs  alembic,  and  diftiiled  with  the  heat  of 
boiling  water ;  the  mod  pure  and  the  only  portion  which 
is  volatilifed  with  this  degree  of  heat,  on  account  of 
!  its  lightnefs,  paffes  over  with  the  water  above  which 
it  is  collected.  If  we  want  to  preferve  it  in  this  date, 
it  mult  be  kept  in  vefTels  of  free-ftone ;  for  in  glafs  vef- 
fels,  the  rays  of  light  penetrating  through  them,  in  no 
long*fime  give  it  a  yellow  and  even  brown  colour. 

This  analyfis  dernonftrates,  that  amber  is  formed  of 
a  great  quantity  of  oil,  rendered  concrete  by  an  acid. 
It  alfo  contains  a  very  fmall  quantity  of  earth,  whofe  na- 
ture has  not  been  examined,  and  fome  atoms  of  iron. 

Oil  of  amber  feems  to  approach  to  effential  oils ;  it 
poffefles  their  volatility  and  fmell :  it  is  very  inflam- 
mable: it  feems  capable  of  forming  foaps  with  the  al- 
kalis. 

The  volatile  fait  of  amber  was  for  fome  time  confidered 
as  an  alkaline  fait.  Glafcr,  Lefevre,  Charas,  and  Jean  Mau- 
rice Hoffman  profeffor  at  Altdorf,  were  of  this  opinion. 
Barchufen,  and  Boulduc  the  father,  are  the  two  fir  ft  che- 
mifts  who,  in  the  laft  century,  difcovered  the  acid  nature 
of  this  fait.  Since  their  time,  all  the  chemifts  have  adopt- 
ed that  opinion,  but  have  not  agreed  about  the  nature 
of  this  acid.  Freferic  Hoffman,  becaufe  amber  is  found 
in  Pruffia  in  layers  filled  with  pyrites,  imagined  that  its 
fait  is  formed  of  vitriolic  acid.  Neuman  feems  to  be  of  the 
fame  opinion.  M.  Bourdelin,  in  the  above-mentioned 
Memoir,  mentions  feveral  experiments  which  he  made, 
with  a  view  to  determine  the  nature  of  this  fait.  He 
obferves  firft,  that  the  lal  fuccini,  obtained  by  diftilla-- 
pion  from  this  bitumen,  however  white  and  pure  it  is, 
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contains  always  an  oily  matter  :  it  is  without  doubt  to 
this  fubftance  that  it  owes  its  fmell  and  the  kind  of 
combuftibiiity  which  it  poffeffcs  and  exhibits  when  it  is 
thrown  upon  burning  coals.'  Several  methods  have 
been  tried  to  rid  it  of  this  fubftance.  When  we  come 
to  examine  the  nature  and  properties  of  ardent  fpirits, 
we  mall  fee  that  this  fluid  is  unfit  for  the  purpofe. 

The  fixed  alkali,  digefted  upon  amber  with  a  view 
to  carry  off  the  fat  and  oily  matter,  and  to  obtain  the 
fait  in  a  fimple  ftate,  has  no  better  fuccefs ;  it  diffolved 
only  a  little  bitumen,  and  acquired  a  lixivial  faline  tafte 
like  marine  fait. 

M.  Bourdelin  could  not  find  a  better  procefs  for  the 
union  of  the  acid  of  amber  in  its  pure  ftate,  deprived  of 
all  oily  matter,  with  the  fixed  alkali,  than  to  detonate  a 
mixture  of  two  parts  of  nitre  with  one  of  this  bitumen. 
He  wafhed  the  refiduum  of  this  operation  with  diftilled 
water.  This  ley  confided  of  a  fait  of  amber  :  it  preci- 
pitated the  folution  of  filver  in  white  fcales ;  and  that  of 
mercury  in  the  fame  colour.  Several  other  metallic  fo- 
lutions  were  likewife  decompofed;  but  M.  Bourdelin 
confidered  thefe  two  facts  as  inconclufive.  They  feem-» 
ed  to  him  to  (how,  that  the  acid  of  amber  was  the  fame 
with  marine  acid,  the  fame  phenomenon  being  prefent- 
ed  by  this  laft  with  the  nitrous  folutions  of  mercury 
and  filver.  The  ley  of  the  refiduum,  evaporated  with 
the  air,  yielded  a  mucilaginous  matter;  in  the  middle 
of  which  elongated  fquare  cryftals  were  gradually  depo- 
fited,  whole  form,  faline  tafle,  decrepitation  upon  burn- 
ing coals,  and  in  particular  the  confiderable  efferves- 
cence and  fmell  of  marine  acid  which  they  raifed  by 
the  affufion  of  oil  of  vitriol,  fhowed  him,  that  the  fpi- 
rit  of  fait  was  here  united  with  the  bale  of  the  nitre. 
In  fpite  of  this  analyfis,  which  is  very  accurate,  confi- 
dering  the  time  in  which  M.  Bourdelin  wrought,  the 
chemifts,  who  fince  him  have  examined  the  fal  fuccini, 
kaye  found  it  not  analagous  to  the  marine  acid,  and 
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have  difcovered  in  it  all  the  characters  of  an  oily  vege- 
table acid. 

The  inveftigation  of  the  chemical  properties  of  this 
bitumen  has  not  been  carried  farther.  Even  the  way 
in  which  the  acids  act  upon  it  is  not  known.  Frederic 
Hoffman  afferts,  that  it  may  be  entirely  diffolved  in  a 
cauftic  fixed  alkaline  ley,  and  in  the  acid  of  vitriol.  It 
is  known  alfo,  that  the  effential  oil  of  amber  can  unite 
with  the  volatile  cauftic  alkali ;  and5>  by  fimple  mixture 
and  agitation,  form  a  kind  of  liquid  foap  of  a  milky 
whitenefs  and  penetrating  fmell,  which  is  known  in 
pharmacy  by  the  name  of  eau  de  luce :  laftly,  that  this 
lame  oil  diflblves  fulphur  with  the  heat  of  a  fand-bath, 
and  conftitutes  a  medicine  called  balfamum  fulphuris  fuc- 
anat&fn. 

Amber  is  employed  in  medicine  as  an  antifpafmodic : 
it  is  recommended  in  hyfterical  and  hypochondriacal 
affections,  amenorrhcea,  gonorrhoea,  fluor  albus,  &c. 
It  is  employed  in  fubftance,  after  warning  with  hot 
water  and  pprphyrization.  It  is  ufed  in  ftrengthening 
and  refolving  fumigations,  by  putting  it  powdered  up- 
on a  hot-brick,  and  directing  the  fume  which  it  emits 
upon  the  part  to  be  fubjected  to  its  action. 

The  volatile  (pint  and  the  fait  of  amber  are  confider- 
ed  as  expectorants,  cordials,  and  antifeptics  :  they  are 
likewife  ufed  as  powerful  diuretics.  The  oil  of  amber 
is  employed  externally  and  internally  for  the  fame  pur- 
pofes  as  amber  itfelf :  it  is  prefcribed  in  lefs  dofes,  on  ac- 
count of  its  greater  activity.  Balfamum  fulphuris  fuc- 
cinatum,  which  is  given  to  the  quantity  of  fome  few 
drops  in  proper  drinks,  or  mixed  with  other  fubftances 
to  form  pills,  has  been  fuccefsfully  ufed  in  humoural 
and  pituitous  affections  of  the  breaft,  kidneys,  &c. 
With  the  fpirit  of  amber  and  opium  a  fyrup  is  made, 
called  fpirit  of  karabe,  which  is  ufed  fuccefsfully  as  a 
calming  anodyne  and  antifpafmodic  medicine.  I/eati 
de  luce,  which  is  prepared  by  pouring  fome  drops  of 
oil  of  amber  into  a  veffel  of  volatile  cauftic  alkali,  and 
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agitating  this  mixture  till  it  has  acquired  a  whire  milky- 
colour,  has  been  long  in  ufe  as  a  very  active  ftimulant 
in  afphyxies:  it  is  held  near  the  noftrils,  and  ftimulates 
the  nerves ;  and  by  the  agitation  which  it  excites,  it 
reproduces  the  motion  of  the  fluids,  and  recovers  the 
patient. 

The  finefl  pieces  of  amber  are  cut  and  turned,  to 
make  vafes,  heads  of  canes,  collars,  bracelets,  fnuff- 
boxes.  Thefe  kinds  of  trinkets  were  no  longer  to  be 
found  after  diamonds  and  ftones  came  into  ufe  ;  but 
they  are  fent  to  Perfia,  China,  and  feveral  other  na- 
tions, which  efHmate  them  ftill  as  great  rarefies. 
Wallerius  fays,  that  the  moft  tranfparent  bits  may  be 
employed  for  microfcopes,  burning-glaffes,  prifms,  &c. 
It  is  laid  that  the  King  of  Pruflia  has  a  burning- glrfs 
of  amber  a  foot  in  diameter  ;  and  that  there  is,  in  the 
cabinets  of  the  Duke  of  Florence,  a  column  of  amber 
fix  feet  high,  and  a  very  beautiful  Iuftre.  Two  pieces 
of  this  bitumen  may  be  united,  by  applying  them  to  one 
another,  after  being  wet  with  oil  of  tartar  and  heated. 

Species  2.  Afphaltum. 

Asphaltum,  or  Bitumen  of  Judea,  called  alfo  gum 
of  funerals,  karabe  of  Sodom,  mountain  pitch,  mummy* s 
balfam,  is  a  black,  heavy,  folid,  very  brilliant,  bitu- 
men. It  is  eafily  broken,  and  its  fracture  is  vitreous. 
A  fmall  lamina  of  it  appears  red  when  placed  between 
the  eye  and  the  light.  Afphaltum  has  no  fmell  when  it 
is  cold  :  when  it  is  rubbed  it  acquires  a  lightneis.  It 
Is  found  upon  the  waters  of  the  lake  Afphaltides  or 
Dead  Sea  in  Judea,  near  which  the  ancient  cities  of 
Sodom  and  Gomorrha  were  fituated.  The  inhabitants, 
difturbed  with  the  fmell  of  this  bitumen  amaffed  upon 
the  waters,  and  encouraged  by  the  profit  which  is  got 
from  it,  colled  it  with  care.  Lemery,  in  his  Dictio- 
nary of  Drugs,  fays,  that  the  afphaltum  is  difgorged 
like  a  liquid  pitch  from  the  earth  covered  by  the  Dead 
Sea,  and  that,  raifed  to  the  furface  of  the  water,  it  is 
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there  condenfed  by  the  heat  of  the  fun,  and  by  the  ac- 
tion of  the  fait,  which  thefe  waters  contain  in  great 
quantity.    It  is  found  alfo  in  feveral  lakes  of  China. 

Afphaltum  of  commerce  is  extracted,  according  to 
M.  Valmont  de  Bomare,  from  mines  of  Daunemore, 
and  particularly  in  the  principality  of  Neufchatel  and  of 
Wallengin.  It  is  of  two  colours,  according  to  this 
naturaiift  ;  blackifh,  greyifh  or  fallow  :  but  this  afphal- 
tum is  not  nearly  pure  ;  and  it  feems  to  be  only  an 
earth  hardened  and  penetrated  by  the  bitumen. 

Naturalifts  are  divided  upon  the  origin  of  afphaltum, 
as  they  are  upon  that  of  all  the  bitumens.  Some  fup- 
pofe  it  a  mineral  production,  formed  by  the  union  of 
an  acj/i-  with  a  greafy  fubftance  in  the  heart  of  the 
earth  :  others  confider  it  as  a  vegetable  refinous  fub- 
ftance, buried  under  earth,  and  altered  by  the  mineral 
acids.  The  mofl  general  and  molt  probable  opinion 
is,  that  it  is  of  the  fame  origin  with  amber,  and  that  it 
is  formed  by  this  laft  bitumen,  which  has  undergone 
the  action  of  a  fubterraneous  fire. 

Afphaltum,  expofed  to  the  fire,  liquefies,  bubbles 
up,  and  burns  with  a  flame  and  thick  fmoke  of  a  ftrong 
acrid  difagreeable  fmell.  By  diftillation,  it  gives  over 
a  coloured  oil  like  petroleum.  This  natural  product 
has  not  been  chemically  examined. 

Afphaltum  is  employed  as  a  covering  to  {hips  by 
the  Arabs  and  Indians.  It  enters  into  the  compofi- 
tion  of  black  China  varnifhes,  and  into  the  artificial 
fires  which  burn  upon  water.  The  Egyptians  ufe  to 
embalm  their  bodies  with  it  ;  but  for  this  purpofe 
it  was  ufed  only  by  the  poorer  fort,  who  could  not  pro- 
cure more  precious  antifeptics.  Wallerius  fays,  that 
merchants  prepare  a  kind  of  afphaltes  with  thick- 
ened pitch,  or  by  mixing  and  fufing  this  with  a  certain 
quantity  of  true  balfam  of  Judea:  but  this  fraud  may 
be  detected  by  means  of  fpirit  of  wine,  which  entirely 
diffolves  the  pitch,  and  aflumes  only  a  yellow  colour 
with  afphaltum. 

Spe- 


I64  LECTURES  ON 


Species  g.  Jet. 

Jet,  called  by  the  Latins  gagas,  black  amber  by  Pli- 
ny, pangitis  by  Strabo,  is  a  black  bitumen,  compact, 
and  hard  like  fome  (tones ;  brilliant  and  vitreous  in  its 
fracture,  and  fufceptible  of  a  fine  polifli.  When  it  is 
rubbed  for  fome  time,  it  attracts  light  bodies,  and  ap- 
pears electrical  like  fuccinum.  It  has  no  fmell :  when 
heated,  it  acquires  one  nearly  refembling  that  of  bitu- 
men of  Judea. 

Jet  is  found  in  France  in  Provence,  in  the  county  of 
Foix  :  there  is  alfo  a  quarry  of  it  which  is  wrought  at 
Beleftat  in  the  Pyrenees.  It  is  found  alfo  in  Sweden, 
in  Germany,  and  Ireland.  The  quarries  of  jet  are  dif- 
pofed  in  beds ;  they  contain  pyrites,  juft  like  pit-coal, 
and  the  moft  part  of  the  bitumens. 

This  bitumen  foftens  and  fufes  when  ftrongly  heat- 
ed :  it  emits  a  fetid  odour  upon  burning.  Some  oil  is 
extracted  by  diftillation. 

Among  the  different  opinions  upon  the  formation 
of  jet,  the  moft  probable  is,  that  it  is  afphaltum  made 
hard  by  the  lapfe  of  time.  This  was  adopted  by  the 
learned  Wallerius. 

Jet  is  employed  to  make  mourning  trinkets.  Wir- 
temberg  is  the  place  where  it  is  wrought  upon.  It 
makes  buttons,  bracelets,  boxes. 

Species  4.    FoJJite  Coal. 

The  name  otfojfile  coal,  pit-coal,  lithantrax,  earth- 
coal,  (lone-coal,  is  given  to  a  black,  laminous,  mining 
or  dull  fubftance,  which  breaks  eafily,  but  has  not  pro- 
perly the  confidence  and  purity  of  the  bitumens  defcri- 
bed. 

This  bitumen  has  received  its  name  from  its  combu- 
ftible  property,  and  the  ufe  for  which  it  is  employed  in 
feveral  countries.  It  is  found  in  the  heart  of  the  earth, 
below  ftones  more  or  lefs  hard,  and  aluminous  or  py  ritous 
maffes.    Thefe  laft  conftantly  bear  the  mark  of  feveral 

ve- 
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vegetables,  which  for  the  mod  part  are  exotic,  accor- 
ding to  the  obfervation  of  M.Bernard  de  Jefiieu.  Pit- 
coal  is  at  a  greater  or  lefs  depth  in  the  earth.  It  is 
difpofed  always  in  horizontal  or  inclined  layers  :  the 
latter  difpofition  is  the  mod-  frequent.  The  layers 
which  compofe  it  differ  in  thicknefs,  confidence,  co- 
lour, weight.  More  or  lefs  extenfive  layers  of  Ihells 
and  foffile  madrepores  are  often  found  above  this  bitu- 
men ;  which  have  made  fome  moderns  believe,  and 
particularly  M.Parmentier,  that  pit-coal  had  been  form- 
ed in  the  fea  by  the  depofition  and  alteration  of  the 
oily  or  fat  matters  of  marine  animals.  Quarries  of  pit- 
coal  are  wrought,  like  mines,  by  digging  pits,  and 
forming  galleries ;  and  the  coal  is  detached  by  means 
of  pick-axes.  The  workmen  are  often  in  the  danger 
of  lofmg  their  lives  by  the  choak-damp.  Thisfubftance 
is  called  toujje  or  pouje  by  the  workmen.  It  extinguifhes 
candles,  and  feems  to  be  fixed  air.  In  thefe  pits  a  kind 
of  inflammable  gas  is  alfo  produced,  very  deleterious, 
which  produces  fometimes  dangerous  explofions. 

PiNcoal  feems  to  be  very  copious  in  the  earth.  It 
is  found  in  Scotland,  England,  Ireland,  Hainault,  the 
countries  of  Liege,  Sweden,  Bohemia,  Saxony,  &c. 
Several  countries  of  France  furnifli  a  great  quantity  of 
it ;  and  particularly  Bourgogne,  Lyonnois,  Forez,  Au- 
vergne,  Normandy,  &c. 

Pit-coal  is  diftingnilhed  into  earth -coal  and  ftone- 
coal,  according  to  its  hardnefs  or  friability;  but  the 
manner  in  which  it  burns,  and  j:he  phenomena  which 
it  prefents  in  ccmbuftion,  furnim  characters  of  very 
great  importance  to  diftinguilh  the  different  forts.  Up- 
on this  view  Wallerius  dutinguifhes  three  forts. 

1.  Scaly  earth-coal,  which  remains  black  after  com- 
buflion. 

2.  Compact  and  luminous  earth-coal,  which  after 
combuftion  yields  a  Ipongy  matter  rcfembling  fcorise. 

3.  Earth-coal,  fibrous  l:ke  wood,  which  is  reduced 
into  afties  by  combuftion. 

2  This 
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This  bitumen,  heated  in  contact  with  a  body  in  coirn 
buftion  and  with  the  air,  kindles  the  more  flowly  and 
difficultly  as  it  is  more  weighty  and  compact :  once  it 
is  kindled,  it  emits  a  brifk  and  very  durable  heat,  and 
is  a  long  time  burning  before  confumption  :  it  may  alio 
be  extinguifhed,  and  fervefeveral  times  for  a  new  com- 
buft  ion.  Its  inflammable  matter  appears  very  denfe, 
and  as  if  fixed  to  another  incombuftible  fubflance, 
which  retards  its  deftruction.  Upon  burning,  it  exhales  a 
particular  ftrong  fmell,  but  it  is  nowife  fulphureous  when 
the  earth-coal  is  very  pure  and  contains  no  pyrites.  The 
/  combuftion  of  this  bitumen  appears  to  be  very  analo- 
gous to  that  of  organic  fubftances,  in  this,  that  it  is  fuf- 
ceptible  of  being  flopped  and  of  being  divided  into  two 
diftinct  periods.  The  combuftible,oily,  and  moft  volatile 
part  which  the  earth-coal  contains,  is  diffipated  and  fet 
on  fire  by  the  firft  application  of  heat ;  and  if,  when  all 
this  principle  is  diffipated,  the  combuftion  is  Mopped, 
the  bitumen  retains  only  the  moft  fixed  and  leaft  in- 
flammable part  of  its  oil,  reduced  to  a  true  charry  ftate, 
and  combined  with  an  earthy  bafe.  This  is  the  pro- 
cefs  the  Englifh  employ  for  the  preparation  of  their 
coaks,  which  is  only  earth-coal  deprived  of  its  oily 
fluid  part  by  the  action  of  the  fire.  It  is  very  eafily 
feen  what  panes  in  this  experiment,  by  heating  it  in 
clofe  veflels  in  a  diftilling  apparatus.  There  is  obtained 
an  alkaline  phlegm,  fome  concrete  volatile  alkali,  an  oil 
which  deepens  in  colour,  and  becomes  more  weighty  as 
the  diftillation  advances.  At  the  fame  time,  a  great 
quantity  of  an  elaflic  inflammable  fluid  comes  over, 
which  is  confidered  as  an  oil  in  vapour,  but  which 
might  be  rather  a  particular  inflammable  gas.  A  fco- 
rificd  matter  remains  in  the  retort,  charry,  and  ftill  ca- 
pable of  being  kindled  :  this  is  the  coaks  of  the  Englifh. 
If  the  action  of  the  fire  upon  the  pure  earth-coal  is  care- 
fully attended  to,  we  obferve,  that  it  undergoes  an  evi- 
dent foftening,  and  feemingly  a  femifufion :  now  it  is 
knowna  fince  this  ftate  injures  the  fufion  of  ores,  that  it 
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is  efiential  to  deprive  earth-coal  of  this  property.  This 
has  been  done  by  carrying  off  this  foftening  prin- 
ciple, that  is,  the  oil  which  it  contains  in  great  abun- 
dance, and  reducing  it  to  a  ftate  analogous  to  that  of  the 
coal  of  vegetables.  Let  us  not  forget  to  obferve,  that 
the  volatile  alkali,  which  is  formed  in  very  great  quan- 
tity by  the  earth- coal,  favours  the  opinion  which  we 
have  given  upon  its  animal  origin :  fince,  as  we  fhall 
take  notice  elfewhere,  the  bodies  which  belong  to  the 
animal  kingdom,  yield  always  this  fait  in  their  diftillation. 

Earth-coal  is  Angularly  ufeful  in  countries  where  there 
is  no  wood.  It  is  ufed  as  fire  materials,  and  without  the 
fear  of  any  danger,  which  fome  perfons  have  afcribed 
to  its  ufe:  the  fulphureous  vapour  which  it  has  been 
faid  to  emit,  ought  not  to  be  regarded  as  any  objec- 
tion to  it,  fince  the  mod  accurate  analyfis  has  con- 
vinced all  chemifts,  that  when  earth  coal  is  pure, 
it  contains  not  an  atom  of  fulphur.  Hence  we  fee 
how  falie  and  deceiving  the  pretenfions  of  fome  illi- 
terate men  are,  who  boaft  of  proceffes  to  deprive  this 
bitumen  of  fulphur.  Another  confideration  which 
ought  particularly  to  induce  the  working  of  earth-coal, 
particularly  in  France,  is,  that  the  working  of  ores  con- 
sumes enormous  quantities  of  charcoal  of  wood,  and  it 
as  to  be  feared  that  the  wood  may  in  time  fail :  it  is  par- 
ticularly in  thefe  kinds  of  works  that  induftry  mould  en- 
deavour to  find  out  the  earth-coal,  as  the  Englifh  have 
done  long  ago  *. 

*  Earth-coal  being  become  an  objeft  of  great  utility,  deferving 
all  the  attention  of  philofophers,  on  account  of  the  different  ufes  for 
which  it  may  be  fuccefsfully  employed  ;  it  is  proper  to  confult  what 
authors  have  faid  about  it,  who  have  pubhfhed  treatifes  or  particular 
memoirs  upon  the  fubjeft.  Such  are  M.  de  GenfLne,  M.  Venel, 
MefTrs  Jars,  and  particularly  M.  Morand,  who  has  undertaken  and 
executed  a  complete  and  very  extenfive  work  upon  earth-coal. 

The  great  abundance  of  pit-coal  found  in  the  ifland  of  Great  Bri- 
tain conftitutes  a  chief  part  of  the  riches  of  the  country  ;  as  coal  af- 
fords a  very  powerful  fpecies  of  fuel  in  all  the  arts  in  which  heat  is 
«mployed>  and  as  it  can,  by  the  improved  modes  of  working,  be  ap- 
plied 
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Species  5.  Ambergris. 

Ambergris  is  a  concrete  fubftance,  of  a  foft  and  te- 
nacious confidence  like  wax,  grey-coloured,  ftained 
yellow  or  black,  of  a  llrong  agreeable  fmeli  when  it  is 
heated  or  rubbed.    It  is  in  irregular,  fometimes  round 

mafles, 

plied  to  the  manufacture  of  iron,  and  to  other  purpofes  for  which 
it  was  formerly  fuppofed  to  be  unfit.  When  coal  is  deprived  of  the 
more  fluid  matters  by  uftulation,  a  fpecies  of  charcoal  or  cinders  re- 
mains, which  is  known  by  the  name  of  coaks  ;  and  the  coal  ia  this 
ftate  is  capable  of  exciting  the  molt  intenfe  heat.  In  the  former 
method  of  converting  coal  into  coaks,  the  volatile  matters  werediffi- 
pated  in  pure  lofs ;  but  more  recently  the  workmen  have  learned  to 
collect  what  is  expelled  by  the  heat,  as  it  is  found  to  yield  a  molt 
excellent  kind  of  pitch,  admirably  calculated  to  ferve  all  the  ufes  of 
common  pitch,  and  to  be  in  fome  inftances  preferable  to  what  is  ob- 
tained from  wood.  The  pitch  comes  over  in  the  form  of  a  volatile 
vapour,  which  are  made  to  condenfe  in  the  cold  by  means  of  a  large 
quantity  of  cold  water  and  of  cold  air ;  fo  that  the  refervoir  or  re- 
frigeratory mult  be  of  a  capacious  fize,  and  placed  at  a  diftance 
from  the  diftillation  oven,  beyond  the  reach  of  the  fire.  I  have  ufed 
the  term  dijlillation,  though  it  is  not  perhaps  proper  in  this  cafe, 
fmce  no  external  heat  is  employed  to  feparate  the  component  parts 
of  the  fubjeft  from  one  another.  The  ovens  are  fo  contrived  to 
admit  an  under  fupply  of  air,  fo  that  the  coals,  after  they  are 
kindled,  fpontaneoufly  decompofe  themfelves  by  a  flow  incomplete 
fpecies  of  combuftion,  which  does  not  deftroy  the  ingredients.  The 
refiduum,  left  in  the  oven  proves  moft  excellent  cinders  or  coaks. 
The  produdt  colle&ed  in  the  refrigeratory  is  in  part  a  volatile  alka- 
line fpirit,  but  chiefly  a  vifcid  bituminous  fubftance,  capable  of  being 
infpiflated  into  a  more  folid  confidence,  and  of  affording  pitch  with 
fomewhat  of  an  offenfive  fmell  ;  which  is  rather  of  an  advantage,  as 
it  may  tend  to  prevent  the  worms  of  warm  climates  from  penetra- 
ting into  the  bottoms  of  fhips  ;  a  calamity  much  dreaded  by  all 
feamen. 

The  leglflature  of  Great  Britain  has  thought  proper  to  eftablima 
difference  in  the  rate  of  duty  payable  by  culm  and  other  fpecies  of 
fmallcoal,  carried  coaft wife,  without  fpecifically  marking  the  circuni- 
llance  in  which  their  diftinftion  confifts.  In  order  to  underftand 
what  this  diltiu£tion  ought  to  be,  it  is  neceflary  to  remark,  that 
fome  kinds  of  coals  in  burning  begin  to  melt,  and  fo  far  come  into 
a  liquid  ftate,  that  the  feparate  pieces  run  together  and  unite  by  the 
adhcfion  of  their  furfaces.    Such  coals  are  called  caking  coalt ;  and  in 

them 
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mafles,  formed  by  layers  of  different  natures,  and  more 
or  lefs  thick,  according  as  a  greater  number  of  them  :s 
united.  Pieces  of  it  have  been  feen  weighing  more 
than  200  lb.  This  fubftance  has  been  manifeftiy  li- 
quid •  and  it  has  enveloped  feveral  ftrange  fubftances 
which  are  found  in  it  ;  fuch  as  heads  ot'birds,  feathers, 
bones  of  fifhes,  and  other  marine  bodies.  It  is  found 
floating  upon  the  waters  of  the  fea  about  the  Molucca  , 
iflands,  Madagafcar,  Sumatra,  the  coafls  of  Coro- 
mandel. 

Naturalifts  make  feveral  varieties  of  amber.  Walle- 
rjus  (bates  the  fix  following. 

1 .  Ambergris,  ftained  yellow, 

2.  — r        ftained  black. 

two  varieties  are  the  mod  defired  and 
molt  precious. 
Vol.  II.  M  3.  White 

them  it  feems  immaterial  of  what  fize  trie  pieces  be,  fince  the  fmalleft 
atoms  will  byfufion  coalefce  into  one  eonlolidated  mafs  ;  io  that  the 
refnfe  or  drofs  will  furnilh  a  fuel  fit  for  all  the  ceconojtnical  purpofea 
of  life.  Other  coals  do  not  fufe,  unite,  and  cake  by  the  application 
of  heat,  but  retain  this  original  form,  and  keep  in  detached  pieces  in 
the  midft  of  the  fire.  The  fmall  of  this  coal  cannot  therefore  be 
applied  to  domeilic  ufe  ;  becaulc  when  in  powder  the  coal -dull  in- 
finuatts  ilfelf  between  the  crevices,  prevents  the  circulation  of  air,  and 
choaks  up  and  txtiuguifhes  the  fire  as  completely  as  a  parcel  of  in- 
combuftible  fand.  It  is  the  fragments  and  dull  of  this  coal  which 
conftitucs  culm,  and  which  is  only  applicable  to  burn  limeftone,  and 
make  bricks  ;  two  Tery  valuable  articles  in  rural  ceconomy.  I  think 
that,  after  what  has  been  faid  upon  the  nature  of  coal,  it  will  be  an 
eafy  matter  forany  perfon  to  dittinguifh  culm  from  the  fmall  of  caking 
coal.  He  ha3  only  to  try  whether  or  not  he  can  make  a  fire  of  it  in 
a  common  grate,  without  the  addition  of  other  fuel:  if  he  be  able, 
it  is  good  coal ;  if  not,  it  is  culm.  Or  fhould  this  trial  be  thought 
unfatisfa&ory,  though  it  is  in  reality  the  belt,  let  him  put  fome  up- 
on an  ignited  iron  fhovel,  to  try  whether  it  metis  and  runs  together; 
or  tlfe  let  him  fend  it  to  a  cinder-baker,  and  if  he  can  make  cinders 
from  it,  he  may  fifcly  pronounce  the  fpecimen  excellent  coal.  There 
never  was  any  difficulty  on  the  fubjed,  and  there  would  be  no  trouble 
iu  collecting  the  tax,  were  it  not  for  the  infupera%le  ignorance  and 
love  of  oppreflion,  which  fo  often  pervades  the  underling  officers  of 
the  revenue. 
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g.  White  amber,  of  one  colour  only. 

4.  Yellow  

5.  -  Brown  

6.  Black  

Thefe  two  lafl  are  got  from  whales,  and  are  di- 
ftinguithed  by  a  difagreeable  animal  fmell.  It 
is  to  be  obferved,  that  thefe  varieties  depend 
only  upon  the  mixture  of  fome  ftrange  fub-' 
ftanees. 

The  origin  of  amber  is  much  difputed.    Some  look 
upon  it  as  .a  kind  of  petrole  which  flows  from  rocks, 
and  thickens  by  the  fun  and  the  action  of  falted  water: 
others  confider  it  as  an  animal  product ;  and  among 
thefe,  fome  afcribe  it  to  the  excrements  of  birds  who 
live  upon  odoriferous  herbs  ;  others  to  the  filth  voided 
by  fea-calves,  crocodiles,  &c.     Several  have  imagi- 
ned that  ambergris  is  formed  by  the  whales,  in  the  fto- 
mach  of  which  it  is  often  found.     Pomet  and  Le- 
mery  have  fuppofed  that  it  was  a  mixture  of  wax  and 
honey  baked  in  the  fun,  and  altered  by  the  fea-water. 
M.Formey,  who  has  adopted  this  opinion,  has  fupport- 
ed  it  with  an  experiment ;  which  confifts  in  digefting  a 
mixture  of  wax  and  honey.    He  fays  that  a  product  is 
yielded  of  a  fweet  fmell,  very  analogous  to  that  of  am- 
ber.   Laftly,  fome  Englifli  authors  look  upon  amber- 
gris to  be  an  animal  juice,  depofited  in  bags  placed 
near  the  origin  of  the  genital  organ  of  the  male  whale  ; 
and  feveral  others  imagine  that  it  is  formed  in  the  ve- 
fica  urinaria  of  this  fifh.    If  this  opinion  were  demon- 
ftrated,  ambergris  would  be  very  tar  from  being  a  bi- 
tumen, and  it  mould  be  ranked  in  the  clafs  of  refmous 
animal  juices,  fuch  as  mufk  and  civer.  Notwithstand- 
ing, this  fubftance,  analyfed  by  Melfrs  GeofFroy  and 
Neuman,  yielded  them  the  fame  principles  as  the  bitu- 
mens; that  is  to  fay,  an  acid  fpirit,  a  concrete  acid 
fait,  fome  oil,  and  a  charry  refiduum  ;  which  induced 
them  to  rank  it  among  thefe  bodies. 

Ambergris  is  an  antifpafmodic,  a  ftomachic.,  and  cor- 
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dial.  It  is  employed  in  proper  drinks  to  the  quantity 
of  fome  grains  ;  or  it  is  mixed  with  other  fub(tanees  to 
form  pills.  Phyficians  make  no  extenfive  ufe  of  it,  be- 
caufe  they  have  obferved,  that  the  odorous  principle,  in 
which  alone  the  virtues  of  this  medicine  confid,  is  often 
too  active,  too  penetrating,  and  injurious.  Several  per- 
fons  cannot  indure  its  fmell  without  fuffering  all  the  af- 
fections peculiar  to  irritations  of  the  nerves  :  it  ought 
therefore  to  be  adminidered  with  great  moderation.  It 
is  confidered  alfo  as  a  powerful  aphrodifiac. 

The  greated  ufe  of  ambergris  is  to  furnifh  a  perfume 
to  the  toilette  ;  it  is  generally  mixed  with  mufk,  which 
fo  attenuates  its  fmell,  as  to  render  it  fweeter  and  more 
i'upport^ble  ;  {till  it  is  not  agreeable  to  every  body. 

As  ambergris  is  very  dear,  it  is  counterfeited  and  mix- 
ed with  different  fubltances.  The  true  is  didinguilhable 
by  the  following  characters:  It  is  fcaly,  of  a  fweet  fmell, 
infipid  ;  it  fufes  without  giving  bubbles  or  fcum  when 
rt  is  expofed  to  the  flame  of  a  candle  in  a  filver  fpoon  j 
it  fwims  above  water  ;  it  does  not  flick  to  hot  iron. 
That  which  does  not  exhibit  all  thefe  properties,  is  al- 
loyed and  impure. 

Species  6.  Petroleum. 

The  name  of'  petroleum  has  been  given  to  a  liquid 
bituminous  fubffance  which  runs  between  the  dones 
upon  rocks.  This  fort  of  oil  differs  in  its  lightnefs, 
fmell,  confidence,  and  inflammability.  Authors  have 
didinguifhed  a  great  number  of  varieties.  They  have 
given  the  name  of  naphtha  to  the  lighted,  mod  tranf- 
parent,  and  mod  inflammable  petroleum  ;  that  of  petro- 
leum, to  a  liquid  fomewhat  thick  bitumen  of  a  deep 
brown  colour  ;  and  ladly,  that  of  mineral  pitch  to  a 
black  bitumen,  thick,  moderately  liquid,  tenacious  and 
adhefive  to  the  fingers. 

The  varieties  defcribed  by  Wallerius  and  feveral 
other  naturalids  are  thefe. 

M  2  1.  Naph- 
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1 .  Naphtha,  white. 

2.  red. 

3.  green  or  deep. 

4.  Petroleum,  mixed  with  earth. 

5-  dropping  through  (tones. 

6.  fwimming  upon  waters. 

7.  Mineral  pitch  or  maltha, 

8.  Piffaphaltes.  It  is  of  a  middle  confiftence  betwixt' 
that  of  ordinary  petroleum  and  afphaltes  or  Jews 
pitch. 

Different  naphthas  are  formed  in  Italy  in  the  duchy 
of  Modena,  on  mount  Giaro,  twelve  leagues  from  Plai- 
fance.  Kempfer  relates,  in  his  Amcenitates  Exotica?, 
that  it  is  collected  in  great  quantity  in  feveral  places  of 
Perfia.  Petroleum  runs  in  Sicily  and  in  feveral  places  of 
Italy:  in  France,  in  the  village  of  Gabian  in  Langue- 
doc  ;  in  Alface  ;  at  Neufchatel  in  Switzerland  ;  in  Scot- 
land, &e.  The  phTaphaltes  and  mineral  pitch  were  for- 
merly got  from  Babylon,  where  it  was  ufed  inftead  of 
mortar  to  the  walls  ;  from  Pcagufain  Greece;  and  from 
the  pond  of  Samofate,  capital  of  Comagene  in  Syria. 
To  day  they  are  got  from  the  principality  of  Neufchatel 
and  W allengen  ;  from  the  wells  of  Pege,  one  league 
from  Clermont-Ferrand,  in  Auvergne  ;  and  from  feve- 
ral other  places  *. 

With 

*  The  vapour  of  naphtha,  which  fffues  through  crevices  of  the 
earth,  is  fuppofed  to  be  the  caufe  of  the  flame  which  is  fometimes- 
feen  on  the  -/aters  of  fountains. 

There  are  many  fountains  where  the  vapour  on  the  furface  will 
take  fire  at  the  approach  of  a  lighted  candle.  But  there  is  a  very 
noted  fountain  of  this  kind  at  Chittagon  in  the  Eaft  Indies,  which 
burds  out  into  flame  of  its  own  accord,  whenever  it  has  been  ex- 
tinguifhed  by  any  accident.  The  creduious  inhabitants  of  the  coun- 
try confecrated  the  fpot  to  a  favourite  deity,  and  appointed  a  fet  of 
priells  to  watch  over  the  waters  of  the  fountain:  But  fome  Euro- 
pean traveller?,  fufpefting  the  whole  to  be  a  pious  fraud  contrived 
to  impofe  upon  the  credulity  of  the  people,  pulled  down  the  wall  to 
fatisfy  their  curiofity,  and  found  that  the  vapour  actually  kindled 
fpontaneoufly  whenever  it  was  put  out.  I  had  this  anecdote  from  * 
gentleman,  who  was  prefent  at  the  time. 


CHEMISTRY.  173 

With  regard  to  the  different  varieties  mentioned,  it 
muff  be  obferved,  that  they  all  feem  to  have  the  fame 
origin,  and  that  they  differ  from  one  another  only  in 
fome  particular  modification.  Mod  naturalifts  and  che- 
mifts  afcribe  their  formation  to  the  decompofition  of 
the  folid  bitumens  by  the  operation  of  fubterraneous 
fire.  They  obferve,  that  the  naphtha  appeared  to  be 
the  lighteft  oil,  which  the  fire  difengages  firft;  and  that 
what  follows,  acquiring  colour  and  confiftence,  forms 
the  different  forts  of  petrolea  ;  and  that  thefe  laft,  uni- 
ted with  fome  earthy  fubftances,  or  altered  by  the  acids5 
affume  the  characters  of  mineral  -pitch  or  of  piffaphaltes. 
For  the  fupport  of  their  opinion,  they  have  a  very  exact 
comparifon  with  the  phenomena  which  the  diflillation 
of  amber  prefents ;  and  which  in  fact  furnii'hes  a  kind 
of  naphtha,  and  a  petroleum  more  or  lefs  brown,  ac- 
cording to  the  degree  of  heat  and  the  length  of  the  ope- 
ration. Laflly,  they  obferve,  that  nature  prefents  fre- 
quently all  kinds  of  petrolea  in  the  fame  place,  from  the 
lighteft  naphtha  to  mineral  pitch.  Such  are  the  fluid 
bitumens  got  from  mount  Feflin  in  the  duchy  of  Mo- 
dena.  Although  this  opinion  be  very  probable,  fome 
authors  think  that  petroleum  is  a  mineral  oily  combi- 
nation, formed  of  the  vitriolic  acid  and  fome  fat  mat- 
ter. 

The  chemical  properties  of  petroleum  have  not  yet 
been  examined  :  it  is  known  only  that  naphtha  is  very 
volatile,  and  fo  combuftible,  as  to  take  fire  when  in  the 
neighbourhood  of  any  fubftance  in  combuftion  :  its  vo- 
latility feems  to  be  the  caufe  of  attracting  the  flame.  An 
acid  phlegm  is  procured  from  brown  petroleum,  and 
an  oil,  which  at  firft  refembles  naphtha,  and  becomes 
more  coloured  as  the  diltillation  advances.  A  thick 
matter  like  piffaphaltum  remains,  which  may  be  ren- 
dered dry  and  brittle  like  afphaltum,  and  reduced  en- 
tirely to  a  charry  flate  by  a  more  active  fire. 

The  different  kinds  of  petroleum  are  employed  for 
different  ufes  in  the  countries  where  they  abound. 

M  3  Kem- 
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Kempfer  tells  us,  that  in  Perfia  it  is  ufed  for  giving  light 
in  lamps  furnifhed  with  wicks.  It  may  alfo  be  made  ufe 
of  as  fuel.  For  this  purpofe,  M.  Lehman  tells  us,  that 
fome  naphtha  is  poured  upon  fome  handfuls  of  earth, 
which  are  fet  fire  to  with  a  piece  of  paper  ;  it  inftantly 
takes  fire  with  activity,  but  it  emits  a  very  copious  thick 
fume,  which  attaches  itfelf  to  all  bodies,  and  has  a  very 
difagreeable  odour.  Petroleum  is  alfo  fuppofed  to  en- 
ter  into  the  compofition  of  wild-fire.  rl  hick  petrole- 
um is  alfo  employed  to  make  a  very  hard  and  durable 
mortar.  By  the  decoction  of  phTaphaltum  in  water,  an 
oil  is  got  from  this  bitumen  which  is  ufed  to  fecure 
veffcls. 

Laftly,  fome  phyficians  have  fuccefsfully  ufed  it  in  dif- 
eafes  of  the  mufcles,  the  palfy,  lamenefs,  &c.  by  rubbing 
the  fkin  with  it,  or  expofing  it  to  its  fume.  Van  Hel- 
niont  confidered  friction  with  it  as  a  very  good  remedy 
againft  coldcd  members,  and  directed  it  as  an  excel- 
lent prefervauve  againft  the  impreflions  of  cold. 


LECTURE  XL1II. 

Qf  Miner al  Waters. 

A  FTER  the  hiftory  of  all  the  bodies  which  com- 
JTjl  pofe  the  mineral  kindom,  and  the  examination  of 
their  phyfical  properties,  we  conclude  their  account  by 
that  of  the  mineral  waters;  becaufe,  fince  theie  fluids 
hold  diffolved,  frequently,  earthy,  faline,  and  metallic 
matters  together  or  feparately,  it  was  impoflible  to  com- 
prehend their  exigence,  without  being  previoufly  ac- 
quainted with  the  principles  which  mineralize  them. 
Belides,  we  place  the  inveftigation  of  the  mineral  war 
ters  with  more  advantage  here,  as  it  will  ferve  as  a  re- 
capitulation of  what  has  been  already  delivered  upon  the 
minerals,  th~  methods  of  analyfing  them  recalling  to 
mind  the  moft  part  of  the  principles. 

§  i.  Be* 
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5  I.  Definition  and  Hiftory  of  the  Mineral  Waters. 

The  name  of  mineral  waters  has  been  given  to  thofe 
tfuids  which  contain  any  minerals  in  folurion.  However, 
as  there  is  not  a  water,  even  among  the  pureft  which 
nature  produces,  which  is  not  impregnated  with  fome 
•of  thefe  fubftances,  this  name  ought  to  be  reftricted  to 
thofe  which  hold  a  fufficiency  of  matter  diffolved,  to 
have  a  fenfible  effect  upon  the  animal-ceconomy,  and 
to  have  the  property  of  curing  or  preventing  the  difeafes 
to  which  our  bodies  are  liable*:  on  this  account  the 
name  of  medicinal  waters  would  appear  better  fuited 
to  thefe  fluids  than  that  by  which  they  are  commonly 
known,  a/id  which  ufe  forbids  us  to  change. 

The  firfl  acquaintance  we  had  with  mineral  watero 
was  owing  to  chance,  as  is  the  cafe  with  all  the  know- 
ledge which  man  poffeffes.  The  good  effects  which  they 
produce  upon  thofe  who  made  ufe  of  them,  were  undoubt- 
edly the  can Pe  of  their  diflinttion  from  common  waters. 
Ancient  philofophers,  who  confidered  their  properties, 
paid  little  attention,  except  to  their  fenfible  qualities  ; 
i'uch  as  the  colour,  the  weight  or  lightnefs',  the  fmelL, 
and  tafte. 

Pliny,  however,  diftingui {hed  a  great  number  of  wa- 
ters, either  from  their  phyfical  properties,  or  from  the 
utility  reiulting  from  their  ufe.  But  not  until  the  feven- 
teenth  century  were  the  methods  begun  to  be  found  out 
of  inveftigaring  the  different  principles,  which  they  held 
.diffolved,  by  making  them  the  fubjecl:  of  experiments, 
which  chemiflry  alone  was  able  to  conduct.  Boyle,  in. 
his  beautiful  Experiments  upon  Colours,  which  he  pu- 
bliihed  at  Oxford  anno  1663,  among  the  firfl:  chemifts 
made  known  feveral  tefts,  capable  of  indicating  by  the 

M4  al- 

*  Tt  mould  be  ohferved,  that  waters  which  contain  no  fenfible 
principles  upon  analyfis,  may,  however,  produce  remarkable  effects 
upon  the  animal-occonomy  ;  to  do  this,  they  only  require  to  be  very 
light,  very  bnfk,  and  their  temperature  exceeds  that  of  common  wa- 
teis.  Such  is  the  caufc  of  the  action  of  the  waters  of  Plombierea 
ifcid  Luxtuil,,  which  differ  from  pure  waters  only  in  their  warmucls. 
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alteration  of  the  colour  thofe  fubftances  which  were  dif- 
folved  in  water. 

The  Academy  of  Sciences,  at  its  inftitution,  was  fen- 
fible  of  the  great  importance  of  the  analyfis  of  waters  j 
and  Duclos,  in  the  year  1667,  undertook  the  examina- 
tion of  thofe  in  France.  This  chemiff/s  inveltigation  of 
the  fubjecf.  is  found  in  the  ancient  memoirs  of  this  Com- 
pany. Boyle  fludied  the  fubject  towards  the  end  of  the 
feventeenth  century,  and  publifhed  a  work  upon  this 
iubject,  anno  1685.  Boulduc,  1 729,  publifhed  a  me- 
thod of  analyfing  waters,  much  more  perfect  than  any 
that  had  appeared  before  him:  it  confifts  in  evapora- 
ting their  iluids  ;  flopping  at  different  times  to  feparate 
by  filtration  the  fubftances  which  are  depofited  as  the 
evaporation  advances. 

Several  celebrated  chemifts  after  that  had  great  fuc- 
cefs  in  their  inveftigation  of  waters.  Every  one  of  them 
made  valuable  difcoveries  relating  to  the  different  prin- 
ciples contained  in  thefe  fluids.  Thus  Boulduc  found 
natrum  in  them,  of  which  he  has  determined  the  na- 
ture. M.  le  Roi,  a  phyfician  at  Montpelier,  found 
fome  calcareous  marine  fait;  M.  Margraaf  fome  marine 
fait  with  bafe.of  magnefia  ;  Dr  Prieflley  fome  aerial 
acid  ;  Me  firs  Monnet  and  Bergman  heparic  gas.  Thefe 
two  laft-mentioned  chemiftSj  befides  the  difcoveries 
with  which  they  have  enriched  the  analyfis  of  waters, 
have  given  alfo  complete  treatifes  upon  the  manner  of 
proceeding  in  this  analyfis,  and  have  carried  this  part 
ofchemitiry  to  a  much  higher  degree  of  precifion  th.m 
had  been  done  before  them.  Befides,  particular  analy- 
fes  of  feveral  mineral  waters  are  extant,  which  have 
been  made  by  very  able  chemifts,  and  throw  great 
light  upon  this  matter,  that  has  (been  juftly  confidered 
as  the  mod  difficult  of  all  chemical  inveftigations.  The 
limits  which  we  mull  neceffarily  prefcribe  to  ourfelves, 
hinder  us  from  entering  into  the  details  to  be  found  in 
every  work  :  however,  we  fliall  carefully  mention  the 
authors  of  the  difcoveries  as  opportunity  lhall  offer. 

5  2.  Frln* 
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§  2.   Principles  contained  in  Mineral  Waters. 

It  is  a  few  years  ago  only  that  all  the  fubftances 
which  may  be  diffolvcd  in  mineral  waters  were  found 
oAt.  We  eafily  fee  the  reafon  of  this ;  Chemiftry  had 
fiot  then  acquired  all  the  knowledge  requifite  for  the 
/determination  of  the  nature  of  theCe  fubltances ;  and  it 
'  is  in  proportion  to  the  difcovcry  folely  of  certain  tefts, 
that  their  exiftence  has  been  afcertained.  Another  rea- 
fon, which  has  alfo  retarded  the  progrefs  of  the  fcience 
on  this  head,  is,  that  the  mineral  fubftances  diffolved  in 
waters  are  almott  always  only  in  very  fmall  quantity; 
and  be  fides,  they  are  always  mixed  feveral  together,  fo 
that  they /cover  reciprocally  their  diftinct  properties. 
However  it  be,  the  multiplied  refearches  of  the  che- 
mifts  juft  now  mentioned,  and  of  a  great  number  of 
others  to  be  mentioned  afterwards,  have  difcovered, 
that  there  are  feveral  mineral  fubftances  to  be  very  fre- 
quently f  ound  in  waters ;  that  fome  are  found  but  rare- 
ly, and  others  never.  Let  us  take  a  view  of  each  clafs 
of  thrfe  fubltances  according  to  the  order  in  which  we 
have  examined  them. 

The  quartzy  earth  is  fometimes  fufprnded  in  waters ; 
and  as  it  is  in  a  very  great  ftate  of  divifion,  it  remains 
fufpended  in  them  without  precipitating;  but  its  quan- 
tity is  always  exceedingly  fmall. 

Clay  alio  feems  to  be  found  in  them :  the  extreme 
finenefs  of  this  earth,  which  caufes  it  to  be  found  diftri- 
buted  through  all  its  parts,  is  at  the  fame  time  the  caufe 
of  their  tranfparency  being  affedted.  Indeed,  the  ar- 
gillaceous' waters  are  whitiih,  and  of  a  pearl  or  opal  co- 
lour :  they  are  alfo  greafy  to  the  touch ;  and  are  called 
foapy.  ■ 

Lime,  magnefia,  terra  ponderofa,  are  never  pure  in 
waters ;  they  are  always  combined  with  acids. 

Nor  are  the  fixed  alkalis  to  be  found  in  their  pure 
ftate  ;  but  they  are  frequently  found  in  the  ftate  of  neu- 
tral falts.  ' 

The 
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The  fame  is  the  cafe  with  the  volatile  alkalis,  and 
with  the  moft  part  of  the  acids.  Neverthelefs,  the  ae- 
rial acid  is  often  uncombined,  pofTefling  all  it  properties 
in  waters/  It  conftitutes  even  a  particular  clafs  of  mi- 
neral waters,  known  by  the  appellation  of  gafeous, 
rituous,  or  acidulated  waters. 

Among  the  perfect  neutral  falts,  there  are  few,  ex- 
cept Glauber's  fait,  marine  fait,  febrifugal  fait,  and 
mild  fixed  mineral  alkali,  which  are  often  held  diflolved 
in  mineral  waters.  Nitre  and  mild  vegetable  alkali  are 
foitnd  very  rarely. 

Selenite,  calcareous  marine  fait,  chalk,  Epfom  fait, 
marine  fait  with  bafe  of  magnefia,  and  magnefia  united 
with  the  aerial  acid,  are  the  earthy  neutral  falts  moft 
commonly  to  be  found  in  waters.  As  for  calcareous 
nitre  and  nitrous  magnefia,  of  which  fome  chemifts 
have  told  us,  thefe  *alts  are  generally  found  only  in  fa- 
line  waters,  and  almoft  never  in  mineral  waters  properly 
fo  called. 

The  argillaceous  neutral  falts,  and  thofe  with  bafe 
of  terra  ponderofa,  are  almoft  never  diflolved  in  waters : 
alum  feems  to  exift  in  fome  *. 

Pure  inflammable  gas  has  not  yet  been  found  to  be 
diflolved  in  mineral  waters. 

Pure  fulphur  has  not  been  found  in  thefe  fluids. 
Sometimes,  though  very  rarely,  it  exifts  in  fmall  quan- 
tity in  the  ftate  of  liver  of  fulphur;  but  for  the  molt 
part  it  is  the  hepatic  gas,  or  the  vapour  of  liver  of  ful- 
phur, which  mineralifes  and  conftitutes  the  fulphureous 
waters. 

Laftly,  among  the  metals,  iron  is  the  moft  frequently 
diflolved  in  waters  :  and  it  may  be  found  in  two  itates  ; 
either  combined  with  the  aerial  or  vitriolic  acid. 

Several 

*  We  do  not  fpeak  of  the  opinion  of  Givre  and  other  chemifts,  , 
who  confider  alum  as  one  of  the  n.oft  conftant  principles  of  mineral 
water  ;  but  of  the  accurate  analyfis  from  which  M.  Mitouart  found 
that  alum  exifted  in  the  waters  of  Dominique  de  Vals,  and  M.  Opois 
the  fame  fait  in  thofe  of  Frovina. 
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Several  chemifts  have  thought,  that  it  might  be  dif- 
folved in  its  metallic  ftate,  and  without  the  intermedium 
of  an  acid.  But  as  this  metal  almoft  never  exifts  in  na- 
ture, but  in  that  of  ruft  or  in  the  ftate  of  a  vitriol,  the  opi- 
nion of  thefe  learned  men  could  not  be  adopted,  unlefs 
when  the  aerial  acid  was  not  known,  and  when  people 
were  at  a  lofs  to  conceive  the  folubility  of  iron  in  water 
without  the  help  of  the  vitriolic  acid. 

With  refpect  to  the  bitumen,  which  feveral  authors 
have  admitted  in  waters,  down  to  the  time  of  M.  le  Roy, 
the  molt  part  of  chemifts  at  prefent  deny  its  exiftence. 
In  fact,  as  it  was  particularly  from  the  tafte  that  this  oily 
fubftance  was  fufpected  in  waters,  it  is  known,  that  this 
tafte,  whiqn  does  not  belong  to  the  bitumen,  depends 
entirely  upon  calcareous  marine  fait.  It  is  not  difficult 
to  conceive  how  water,  which  runs  in  the  heart  of  -he 
globe,  and  particularly  of  mountains,  may  become  im- 
pregnated with  the  different  fubftances  jult  now  enu- 
merated. It  is  alfo  conceivable,  from  the  nature  of  the 
layers  of  earth  over  which  the  waters  run,  why  they  are 
more  or  lefs  impregnated  with  principles,  why  the  quan- 
tity and  nature  of  thefe  principles  fometimes  vary;  par- 
ticularly if  we  confider  the  change  of  direction  which 
thefe  fluids  may  fuffer  from  the  multiplied  alterations  of 
which  the  globe  is  fufceptible,  efpecially  at  its  furface, 
and  in  the  more  elevated  grounds. 

§  3.    Different  Claffes  of  Mineral  Waters. 

From  what  we  have  juft  now  related  concerning  the 
different  fubftances  generally  contained  in  mineral  wa- 
ters, it  is  evident,  that  we  might  form  as  many  claffes 
of  thefe  fluids  as  there  are  earthy,  faline,  and  metallic 
bodies,  which  may  be  held  diffolved  ;  and  thus  the 
number  of  claffes  might  be  very  confiderable.  But  it 
fhuft  be  here  obferved,  that  none  of  thefe  fubftances 
mentioned  is  found  alone  and  uncombined  in  the  wa- 
ters ;  on  the  contrary,  they  are  often  found  diffolved  in 
ihe  number  three,  four,  five,  or  more.    This,  then,  is 
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a  difficulty  which  prevents  us  from  making  a  metho- 
dical divilion  of  the  waters  with  reipect  to  the  prin- 
ciples which  they  contain.  However,  by  attending  to 
that  fubftance  which  is  mofl  copious,  and  pofleffes  moft 
powerful  properties,  we  (hall  have  a  diflincHon  which, 
though  not  extremely  exact:,  will  fufKce  to  characterife 
and  facilitate  our  judgment  of  each  of  thefe  fluids.  This 
is  the  plan  of  moft  of  the  chemifts  who  have  inveftiga- 
ted  the  properties  of  mineral  waters  in  general.  M. 
Monnet  has  eftablilhed  three  claffes  of  mineral  waters ; 
alkaline,  fulphureous,  and  ferrugineous.  The  difco- 
veries  that  have  been  made  fince  his  time  require  their 
distribution  into  a  greater  number  of  claffes.  M.  Du- 
chanoy,  who  has  publifhed  an  eftimable  work  upon  the 
art  of  imitating  mineral  waters,  diftinguifhes  ten  ;  to  wit, 
thegafeous,  the  alkaline,  the  earthy,  the  ferrugineous,  the 
fimple  warm  waters,  the  gafeous  warm  waters,  the  Sapona- 
ceous, the  fulphureous,  the  bituminous,  and  faline.  Al- 
though this  author  may  be  blamed  for  having  multiplied 
the  claffes  of  waters,  fince  no  pure  gafeous  and  bitumi- 
nous waters  are  known,  his  divifion  is  without  contra- 
diction the  moft  complete,  giving  a  moft  accurate  idea 
of  the  nature  of  the  different  mineral  waters,  and  beft 
adapted  to  its  fubject.  For  the  fake  of  an  orderly  ar- 
rangement of  the  waters  relatively  to  the  principles 
which  they  contain,  and  in  order  to  complete  what  we 
have  already  faid  upon  the  fubject,  we  {hall  propofe  a 
lefs  extenfwe  divifion,  and  one  which  feems  more  me- 
thodical than  that  of  M.  Duchanoy  ;  obferving,  that  we 
do  not  confider  the  fimple  hot  waters  as  mineral  ones, 
they  being  taken  by  the  belt  chemifts  only  for  hot  wa- 
ter ;  nor  mall  we  fay|  any  more  of  the  bituminous  wa- 
ters, being  unacquainted  with  any  fuch  real  ones  in  na- 
ture. 

Clafs  i.    Acidulcus  Waters. 
The  gafeous  waters,  which  we  would  rather  call  aci- 
dulous, are  thofe  in  which  the  aerial  acid  prevails.  They 
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arc  diflinguifliable  by  their  fharpnefs  and  facility  in 
boiling  and  forming  bubbles  by  fimple  agitation.  They 
redden  the  tincture  of  turnfol,  precipitate  lime-water 
and  liver  of  fulphur.  As  no  waters  are  as  yet  known 
which  contain  only  this  acid  pure  and  uncombined,  we 
are  of  opinion,  that  we  mould  fubdivide  this  clafs  into 
feveral  orders,  according  to  the  other  principles  which 
are  contained  in  them,  or  according  to  the  modifica- 
tions which  they  exhibit.  All  appear  to  contain  more 
or  lefs  alkali  and  calcareous  earth  ;  but  their  different 
degrees  of  heat  furnifha  very  good  method  of  dividing 
them  into  two  orders.  The  firft  comprehends  the  aci- 
dulous and.alkaline  cold  waters  ;  fuch  as  thofe  of  Seltz, 
Sainte  Myon,  Bard,  Langeac,  Chateldon,  Vals.  In  the 
fecond  order  we  would  place  the  acidulated  and  alka- 
line hot  waters ;  as  thofe  of  Mount  d'Or,  Vichy,  Cha* 
telguyon,  &c. 

Clafs  2.    Saline  Waters. 

We  underftand,  as  M,  Duchanoy  does,  by  the  terra 
f aline  waters,  thofe  which  contain  a  very  great  quantity 
of  neutral  falts  in  folution,  fo  as  to  affect  in  a  very  re- 
markable manner,  and  for  the  moft  part  as  purgatives 
do,  the  animal-oeconomy.  The  theory  and  nature  of 
thefe  waters  are  eafily  difcovered :  they  are  entirely  fi- 
milar  to  folutions  of  falts  made  in  our  laboratories  ; 
only  they  contain  almofl:  always  two  or  three  different 
kinds  of  falts.  Glauber's  fak  is  very  rare  ;  Epfom,  ma- 
rine, and  calcareous  marine  falts,  are  the  faline  principles 
by  which,  together  or  feparately,  they  are  mineralifed. 
The  waters  of  Sedlitz,  Seydfchutz,  Egra,  are  charged 
with  Epfom  fait,  frequently  mixed  with  calcareous  ma- 
rine fait.  Thofe  of  Balaruc  contain  marine  fait,  chalk,  and 
fome  marine  fait  with  earthy  bafe  ;  thofe  of  Bourbonne, 
marine  fait,  ftlenite,  and  chalk;  thofe  of  Mothe  are 
more  compound  than  the  preceding,  and  hold  diffolved 
marine  fait,  felenite,  chalk,  Epfom  fait,  marine  fait  with 
bafe  of  magnefia,  and  an  extractive  matter.    It  is  to  be 
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here  obferved,  that  the  falts  with  bafe  of  magnefia  are 
much  more  common  in  waters  than  has  been  hitherto 
thought,  and  that  there  are  (till  few  analyfes  in  which 
they  jhave  been  properly  known,  and  in  a  particular 
manner  well  diftinguimed  from  calcareous  marine  laic. 

Clafs  3.    Sulphureous  Waters. 

The  name  of  fulphureous  has  been  given  to  thofe  mi- 
neral waters  which  appear  to  poflefs  fome  of  the  proper- 
ties of  fulphur ;  as  the  lmell,  and  the  power  of  colouring 
filver.    Chemifts  were  long  ignorant  of  the  true  mine- 
ralifing  principle  of  thefe  waters.    Moll  of  them  belie- 
ved it  to  be  fulphur ;  but  they  never  were  able  to  de- 
monftrate  its  exiftence,  or  at  leaft  they  never  found  any 
atoms  of  it.    Thofe  who  fet  about  the  lludy  of  fome  of 
thefe  waters,  admitted  in  them  either  a  fulphureous  fpi- 
rit  or  liver.   Meffrs  Venel  and  Monnet  firft  oppofed  this 
opinion.  The  latter  has  very  nearly  come  to  the  truth  ; 
he  confiders  the  fulphureous  waters  to  be  impregnated 
folely  with  the  vapour  of  liver  of  fulphur.    M.  Rouelle 
the  younger  has  told  us,  that  thefe  fluids  may  be  alfo 
imitated,  by  agitating  water  with  air  difengaged  from 
liver  of  fulphur  by  means  of  an  acid.    M.  Bergman  has 
greatly  enlarged  this  doctrine,  having  examined  the 
properties  of  hepatic  gas,  of  which  we  have  taken  no- 
tice in  the  article  Sulphur :  he  has  proved,  that  it  is  this 
gas  which  mineralifes  the  fulphureous  waters,  which  he 
has  on  this  account  called  hepatic  ;  and  he  gives  tells 
for  difcovering  the  prefence  of  fulphur.  Notwithftand- 
ing  thefe  difcoveries,  M.  Duchanoy,  in  fpeaking  of  the 
fulphureous  waters,  admits  in  them  liver  of  fulphur, 
Sometimes  alkaline,  calcareous,  or  argillaceous ;  and  in 
this  opinion  he  follows  M.  le  Roy  of  Monipelier,  who, 
as  we  have  faid  in  the  hiftory  of  Sulphur,  propofed  to 
imitate  thefe  waters,  by  making  a  liver  of  fulphur  with 
bafe  of  magnefia.    Perhaps  there  are  waters  which  con- 
tain really  a  little  liver  of  fulphur,  whiHt  others  are  mi- 
neralifed  only  by  hepatic  gas.    In  this  cafe,  it  would  be 

necelfary 


CHEMISTRY. 


tieceflary  to  diftinguifli  two  orders  of  fulphureous  wa- 
ters. Thofe  might  be  perhaps  called  hepatic  which 
contain  a  little  native  liver  of  fulphur ;  and  hepatifed, 
thofe  which  are  impregnated  with  hepatic  gas.  The 
waters  of  Bareges,  Cauterets,  and  Bonn,  feem  to  be- 
long to  the  firft  order;  and  thofe  of  Saint  Amant, 
Aix-la-Chapelle,  and  Montmorency,  to  the  fecond. 
All  thefe  are  hot  waters. 

Clafs  4.    Ferrugineous  Waters. 

Iron  being  the  mod  copious  and  moil  alterable  me- 
tal, it  is  no  wonder  that  water  is  eafily  impregnated 
with  it.    <\n  this  account,  ferrugineous  waters  are  the 
mod  abundant  and  common  of  the  mineral  waters. 
Modern  chemifts  have  thrown  much  light  upon  this 
clafs  of  waters.    Anciently  they  were  all  believed  to  be 
vitriolic.    M.  Monnet  has  aflerted,  that  the  mod  of 
them  contain  no  vitriol  ;  and  he  has  thought  that  the. 
iron  was  diflblved  without  the  intervention  of  an  acid. 
At  prefent,  it  is  known  that  iron,  which  is  not  in  the 
ftate  of  vitriol,  is  diflblved  by  means  of  the  aerial  acid, 
and  forms  the  fait  which  we  have  called  creta  ferrea. 
Meflrs  Lane,  Rouelle,  and  feveral  chemifts,  have  put 
this  truth  out  of  doubt.    The  greater  or  lefs  quantity 
of  aerial  acid,  and  the  ftate  of  the  iron  in  the  waters 
which  owe  to  it  their  virtues,  lead  us  to  diftinguifli  this 
fourth  clafs  into  three  orders.    The  firft  comprehends 
the  martial  acidulous  waters  in  which  the  iron  is  held 
diflblved  by  the  aerial  acid ;   the  fuperabundance  of 
which  renders  them  (harp  and  fourifh.    The  waters  of 
Bufiang,  Spa,  Pyrmont,  Pougue,  and  Dominique  of 
Vals,  are  of  this  firft  order.    The  fecond  comprehends 
the  fimple  martial  waters,  in  which  the  iron  is  diflblved 
by  the  aerial  acid  not  to  excefs ;  and  confequentlv  thefe 
waters  are  not  acidulous.    Thofe  of  Forge,  An  male, 
Conde,  as  alfo  the  greateft  number  at  ferrugineous 
waters,  are  of  this  order.    This  diftinction  was  made 
by  M.  Duchanov  :   but  we  add  a  third  order  from 
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M.  Monnet ;  the  vitriolic  waters.  Although  thefe  wa- 
ter* be  extremely  rare,  fuch  however  exilt.  Into  this 
order  M.  Monnet  put  the  waters  of  Taffy.  M.  Opoix 
admits  the  vitriol  of  mars,  and  even  in  very  great 
quantity,  to  be  in  thofe  of  Provins  :  it  is  true  that 
M.  de  Fourcy  has  denied  its  exiftence,  and  confiders 
the  iron  of  thefe  waters  to  be  diflblved  by  fixed  air  : 
but  we  cannot  be  decifive  on  this  point';  for4he  relults 
of  thefe  chemifts  are  entirely  oppofite,  and  require  a 
new  examination.  It  mult  be  added,  that  iron  is  not 
found  alone  in  waters ;  it  is  mixed  with  chalk,  fele- 
nite,  and  marine  falts,  with  magnefia,  lime,  or  the  al- 
kalis as  bafes.  However,  as  the  metal  which  they 
contain  is  the  principle  bafe  of  their  properties,  A-.y 
ought  to  be  called  martial,  from  the  principles  wmch 
we  have  eftablifhed  *. 

As  to  the  faponaceous  waters  admitted  bv  M.  Ducha- 
noy,  we  mult  wait,  in  order  to  give  our  opinion  upon 
this  head,  till  chemical  and  medical  knowledge  deter- 
mine the  caufe  of  their  faponaceous  property  which  this 
phyfician  attributes  to  clay,  and  of  the  effects  which 
they,  as  medicines,  may  produce  upon  the  animal-ceco- 
nomy  on  account  of  this  property. 

§  4.  Examination  of  Mineral  Waters  from  their  Phyfical 
Properties. 

After  having  given  a  view  of  the  different  fubflan- 
ces  which  may  be  collected  in  the  waters,  and  after  a 
flight  fketch  of  the  manner  in  which  they  may  be  di- 
vided into  claffes  and  orders,  from  the  principles  they 
contain ;  it  becomes  neceffary  to  mention  the  methods 
of  analyfis,  and  of  afcertaining,  with  the  utmoff.  preci- 

fion, 

*  In  the  enumeration  of  the  waters  divided  into  claffes,  we  do 
not  fpeak  of  thofe  which  contain  arfenic  and  copper,  becaufe  they 
are  confidered  as  poifons.  We  likewife  pafs  over  the  waters  which 
contain  volatile  alkali  or  fal  ammoniac,  which  is  the  produ6iion  of 
the  putrefaction  of  organic  matters  upon  which  they  have  been 
ftagnant :  Thefe  kinds  of  waters  fdo  not  belong  to  the  medicinal 
waters. 
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(ion,  the  fubftances  which  they  hold  in  folution.  This 
analvfis  has  been  looked  upon  as  the  molt  difficult  part 
of  chemiftry  ;  and  with  the  greater  reafon,  on  this  ac- 
count, that  a  complete  knowledge  of  all  rhe  chemical 
phenomena,  joined  to  the  habit  of  making  experiments, 
is  required  :  and  upon  that  account  we  have  placed  this 
article  at  the  end  of  the  mineral  kingdom.  In  order 
to  obtain  a-^precife  knowledge  of  any  water  which  we 
wifh  to  examine,  ift,  The  iituation  of  the  fource  mull 
be  obferved,  the  neighbourhood  defcribed  with  exacl:- 
nefs,  and  particularly  the  layers  of  minerals  of  which, 
i  the  foil  is  compofed  :  parcels  of  the  foil  at  different 
j  depths  muft  be  taken  ;  and  from  infpection,  we  en- 
deavour to  find  the  fubftances  which  may  impregnate 
the  'water.  2dly,  Then  we  examine  the  phyfical  pro- 
perties of  the  water ;  fuch  as  its  tafte,  fmell,  colour, 
tranfparency,  weight,  temperature.  For  this  purpofe, 
we  ought  to  be  fupplied  with  two  thermometers  which 
nearly  tally  with  each  other,  and  which  are  made  of  a 
weighty  liquor :  and  thefe  preliminary  experiments 
ought  to  be  made  in  different  feafons,  at  different  hours 
of  the  day,  and  at  different  times,  according  to  the 
ftate  of  the  atmofphere.  A  long-continued  drought, 
or  copious  rains,  have  fingular  influence  upon  the 
waters.  Thefe  previous  effays  generally  point  out  the 
clafs  to  which  the  water  ought  to  be  referred,  and  di- 
rect the  reft  of  the  analyfis.  ^dly,  The  depofitions  at 
the  bottom  of  the  channels,  the  fubftances  which  fwim 
upon  the  water,  and  the  fublimed  matters,  are  alfo  of 
fuch  importance  as  not  to  be  overlooked.  Then  we 
proceed  to  the  analyfis;  which  is  made  in  three  ways, 
by  means  of  tefts,  diftillation,  and  evaporation. 

§  5.  Examination  of  the  Mineral  Waters  by  Tefts. 

The  name  tefts  has  been  given  to  the  fubftances 
which  are  mixed  with  the  waters,  in  order  to  know, 
from  the  phenomena  which  prefent  themfelves,  the  na- 
ture of  the  fubftances  which  the  waters  have  diffolved. 
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The  bed  chemifts  have  always  confidered  the  ufe  cf 
tefts  as  a  very  uncertain  means  to  difcover  the  prir* 
ciplcs  of,mineral  waters  ;  .  upon  this  account,  that  their 
a&ion  did  not  indicate,  in  an  exact  manner,  the  nature 
of  the  fubflances  diffolved  ;  becaufe  we  were  often  ig- 
norant of  the  caufe  of  the  changes  produced  in  thefe 
fluids  by  their  admixture :  and  in  fact,  the  faline  fub- 
flances which  are  generally  employed  in  anaiyfis,  are 
capable  of  producing  a  great  number  of  phenomena,  cf 
which  it  is  very  difficult  to  give  our  opinion.  On  this 
confideration,  the  moft  part  of  thofe  who  have  fludied 
this  fubject,  have  had  little  confidence  to  put  in  tefts ; 
they  have  believed,  that  evaporation  was  a  much  more 
certain  method  of  afcertaining  the  nature  and  quantity 
of  the  principles  of  mineral  waters  :  and  in  the  bell  ac- 
counts of  the  analy  fis  of  thefe  fluids,  it  is  conftantly  re- 
commended to  make  ufe  only  of  thefe  fubflances  as 
auxiliaries,  which  are  at  moft  capable  of  mowing  or 
caufing  the  fufpicion  of  the  nature  of  the*  principles 
which  conftitute  thofe  waters.  On  this  account,  mo- 
dern analyfers  have  admitted  only  a  certain  number  of 
tefis,  and  have  greatly  diminimed  the  lift  of  thofe 
which  the  firft  chemifts  had  employed- 

However,  we  cannot  at  prefent  doubt,  but  that  the 
heat  which  is  neceflary  to  evaporate  the  waters,  how- 
ever feeble  it  may  be,  may  produce  fenfible  alterations 
in  their  principles  ;  and  fo  ftrip  them  of  their  nature, 
that  their  refiduu.ro,  examined  by  the  different  means 
which  chemiftry  fur  nifties,  yields  compounds  quite  dif- 
ferent from  thofe  which  were  held  in  folution  in  the 
waters.  The  lofs  of  the  gafeous  fubflances  which  often 
make  one  of  the  active  principles  of  mineral  wateraJ 
changes  their  nature  in  a  fingular  manner;  and,  befides 
the  ■precipitation  of  feveral  bodies  which  owe  their  fa- 
llibility only  to  the  prefence  of  thefe  volatile  bodies, 
produces  a  reaction  between  the  fixed  matters  which 
alter  their  properties.  The  phenomena  of  the  double 
decoinpontions  which  heat  is  capable  of  producing. 
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between  compounds  which  have  no  mutual  action  in 
the  cold,  are  not  be  comprehended  without  a  nume- 
rous fet  of  experiments,  about  which  we  can  have  as 
yet  only  conjectures.  Without  entering  into  long  de- 
tails, it  will  be  fufficient  for  us  to  know,  that  this  af-. 
fertion  is  clearly  demonftrated  to  all  chemifts,  fo  as  to* 
convince  us,  that  we  muft  not  depend  entirely  upon 
evaporation.  Does  no  method,  then,  remain  of  afcer- 
taining  the  particular  nature  of  the  fubftances  dilfolved 
in  mineral  waters,  without  having  recourfe  to  heat  ? 
and  does  the  complete  knowledge  of  modern  competi- 
tions, which  have  extended  chemiftry  fo  far,  contain 
no  procefs,-».yith  a  view  to  correct  the  errors  into  which 
evaporation  may  lead  us  ?  The  account  which  I  am 
going  to  give,  and  \yhich  I  extract  from  a  memoir  that 
I  read  to  the  Royal  Society  of  Medicine,  will  prove, 
that  the  tefts  which  are  in  a  very  pure  ftate,  and  which 
are  employed  in  a  particular  manner,  may  be  much 
more  ufeful  in  analyling  the  mineral  waters  than  has 
hitherto  been  imagined. 

Among  the  confiderable  number  of  tefts  which  have 
been  propofed  for  the  analyfes  of  mineral  waters,  thofe 
from  which  we  mould  expect  the  greateft  light  are,  the 
tincture  of  turnfol,  fyrup  of  violets,  lime-water,  cauftic 
fixed  alkali,  volatile  cauftic  alkali,  oil  of  vitriol,  nitrous 
acid,  the  ley,  faturated  with  the  colouring  part  of  Pruf- 
fian  blue,  the  fpiritous  tincture  of  the  gall-nut,  and  the 
nitrous  folutions  of  mercury  and  filver.  To  thefe  M. 
Bergman  has  added  paper,  coloured  by  the  aqueous 
tincture  of  Brafil  wood,  which  becomes  blue  by  the  al- 
kalis ;  the  aqueous  tincture  of  terra  merita,  which 
thefe  fame  falts  turn  to  a  brown  red  ;  the  acid  of  fugar, 
to  indicate  the  prefence  of  the  fmalleft  poffible  quantity 
of  lime  ;  and  feveral  others,  which  have  been  propofed 
by  mod  of  the  chemifts  :  but  thofe  which  we  have 
mentioned,  fuffice  to  afcertain  all  the  fubftances  con- 
tained in  mineral  waters. 

The  effects  and  ufe  of  thefe  principal  tefts  have  been 
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plained  by  all  the  chemifls ;  but  enough  has  not  been- 
laid  about  their  date.  Before  they  are  ufed,  it  is  of 
great  importance  to  know  exactly  their  nature,  that  we 
may  not  be  deceived  in  their  effect*.  M.  Bergman  has 
explained  at  great  length  the  alterations  which  they  are 
capable  of  producing.  This  celebrated  chemifl  fays, 
that  a  paper  coloured  with  the  tincture  of  turnfol,  af- 
fumes  a  deeper  blue  by  the  alkalis,  but  is  not  altered  by 
fixed  air  or  the  aerial  acid.  As  it  is  chiefly  to  difcover 
theprefenoe  of  this  acid  that  this  colouring-part  is  ufe- 
ful,  he  directs  ufing  only  its  tincture  in  water  with 
proper  dilution,  that  it  may  take  a  blue  colour.  He 
rejects  entirely  the  fyrup  of  violets,  becaufe  it  is  fubject 
to  fermentation,  and  becaufe  it  is  never  got  genuine  in 
Sweden.  M.  de  Morveau,  in  a  note,  adds,  that  it  is  eafy 
to  diftinguifh  a  fyrup,  coloured  by  bluebottle  or  tournfol,. 
by  means  of  corrofive  fublimate,  which  gives  it  a  red  co- 
lour ;  whereas  it  renders  the  fyrup  of  violets  green. 

Lime-water  is  one  of  the  mod  ufeful  teflsin  the  ana- 
lyfes  of  mineral  waters,  though  few  chemifls  have  made 
exprefs  mention  of  it  in  their  works.    This  fluid  de- 
compofes  the  metallic  falts,  particularly  martial  vitriol, 
from  which  it  precipitates  the  iron.    It  feparates  clay  or 
magnefia  from  the  vitriolic  and  marine  acids,  to  which 
thele  fubflances  are  frequently  joined  in  mineral  waters. 
It  can  alfo  fhow,  by  precipitation,  the  prefence  of  ae'r 
rial  acid.    M.  Gioanetti,  phyfician  at  Turin,  has  made 
a  very  ingenious  ufe  of  it,  to  difcover  the  quantity  of- 
aerial  acid  in  the  waters  of  St  Vincent.    This  chemifty. 
after  having  obferved  that  the  bulk  of  this  acid,  from 
■which  its  quantity  is  always  judged,  might  vary  accor- 
ding to  the  temperature  of  the  atmofphere,  mixed  nine 
parts  of  lime-water  with  two  parts  of  water  of  St  Vin- 
cent.   He  found  the  exact  weight  of  the  calcareous 
earth,  formed  by  the  junction  of  the  aerial  acid  of  the 
mineral  water  with  the  lime  of  the  lime-water  ;  and  he 
found,  according  to  the  calculation  of  M.  Jacquin,. 
which  demonftrates  the  exiftence  of  thirteen  ounces  of 
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this  acid  in  thirty-two  ounces  of  chalk,  that  the  water 
of  St  Vincent  contained  a  little  more  than  fifteen  grains: 
but  as  the  lime-water  might  feize  upon  the  aerial  acid 
joined  to  the  fixed  alkali,  as  well  as  that  which  is  free, 
M.  Gioanetti,  to  difcover  the  quantity  of  this  laft,  made 
the  fame  experiment  with  water  deprived  of  its  free  acid 
by  means  of  boiling.  This  procefs  might  then  be  em- 
ployed, to  determine  exactly,  and  in  an  eafy  manner, 
the  weight  of  free  aerial  acid  in  any  gafeous  mineral 
water. 

One  of  the  principal  reafons  which  have  led  chemifls 
to  confider  the  action  of  tells  in  the  analyfis  of  mineral 
waters  as  very  uncertain,  is,  that  they  may  fhow  feve- 
ral  fubdances  diffolved  in  the  mineral  waters  ;  and  it  is 
on  this  account  very  difficult  to  know  exactly  the  effect 
which  they  produce.  This  truth  refpects  particularly 
the  fixed  alkali  confidered"  as  a  tefl,  fince  it  decompo- 
ses all  the  falts  formed  by  the  union  of  the  acids  with 
clay,  magnefia,  lime,  and  the  metallic  fubftanees. 
When  the  alkali  precipitates  a  mineral  water,  we  can- 
not know  by  infpection  alone  the  nature  of  the  earthy 
fait  decompofed  in  this  experiment.  Its  effect  is  ftill 
more  uncertain  when  it  is  employed  at  the  point  of  fa- 
turation  with  aerial  acid,  as  it  is  generally  done,  fince 
the  acid  which  is  united  with  it  may  increafe  the  con- 
fufion.  On  this  account  1  propofe  the  ule  of  the  cau- 
flic  alkali  in  its  very  pure  ftate.  It  has  alfo  an  advan- 
tage thatgthe  mild  alkali  does  not  polfefs ;  which  is  that 
of  fhowing  the  prefence  of  chalk,  diffolved  in  a  gafeous 
■water  by  means  of  the  fuperabundant  aerial  acid.  As 
it  fcizes  upon  the  fuperabundant  part,  the  chalk, 
which  ceafes  to  be  longer  ibluble  in  the  water,  precipi- 
tates. I  have  allured  myfelfof  this  fact,  by  pouring 
iome  of  the  foap-boilers  ley,  frefh  made,  into  an  artifi- 
cial gafeous  water,  which  kept  chalk  in  folution. :  the 
chalk  precipitated  in  proportion  as  the  caultic  fixed  al- 
kali feized  upon  the  aerial  acid  which  kept  it  diffolved. 
By  filtration,  and  evaporation  to ,  drynefs,  I  obtained 
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fome  fal  fodas,  making  a  very  brifk  effervefcence  with 
fpirit  of  vitriol.  The  cauftic  fixed  alkali  may  alfo  oc- 
fcafion  a  precipitates  in  the  mineral  waters,  without  their 
containing  earthy  faltfl  :  it  is  enough  that  they  hold 
difiolved  a  lefs  foluble  alkaline  neutral  fait,  and  then 
the  alkali  precipitates  it  by  uniting  with  the  water,  juft 
as  fpirit  of  wine  does.  M.  Gioanetti  obferved  this 
phenomenon  in  the  waters  of  St  Vincent ;  and  it  is  alfo 
eafy  to  convince  one's  felf  of  this,  by  pouring  fome  cau- 
ftic alkali  into  a  folution  of  vitriolated  tartar  or  marine 
fait,  and  thefe  two  falts  are  foon  precipitated. 

The  cauftic  volatile  alkali  is  in  general  lefs  fufcep- 
tible  of  error  when  it  is  mixed  with  mineral  waters ; 
becaufe  it  decompofes  only  the  falts  with  earthy  bafes, 
as  clay  and  magnefia,  without  affecting  calcareous 
falts.  But  it  is  of  importance  to  make  two  obfrrva- 
tions  on  this  head :  the  firft  is,  that  we  muft  have  the 
alkali  in  its  mod  cauftic  ftate,  containing  not  an  atom 
of  aerial  acid  :  without  this  precaution,  it  decompofes 
the  falts  with  bafe  of  lime  by  means  of  double  affinity ; 
the  fecond  is,  that  we  muft  not  leave  this  mixture  ex- 
pofed  to  the  air,  when  we  wifh  to  know  its  action  fe- 
veral  hours  after  it  has  been  made  ;  becaufe,  asM.  Gio- 
anetti has  very  well  obferved,  this  fait  feizes  in  a  little 
time  upon  the  aerial  acid  of  the  atmofphere,  and  be- 
comes capable  of  decompofing  the  calcareous  falts. 

To  leave  no  doubt  ^upon  this  important  fubjecl:,  I 
made  three  decifive  experiments.  After  having  diflol- 
ved in  diftilled  water  fome  grains  of  feleniie,  made 
with  tranfparent  calcareous  fpar  and  fpirit  of  vitriol,  an 
indifpenfable  precaution,  becaufe  the  chalk  or  Spanifh 
white  contains  magnefia  as  well  as  river-water  does,  I 
divided  the  folution  into  two  parts.  Into  the  firft  I  pour- 
ed a  few  drops  of  recently  prepared  and  very  cauftic  vo- 
latile alkali :  I  put  this  mixture  into  a  well  (hut  phial: 
in  twenty-four,  even  forty-eight  hours  after,  it  was 
clear  and  tranfparent,  without  any  depofition  :  no  de- 
fjompofitionj  t|icn,  had  taken  place.    The  fecond  por- 
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•ion  was  heated  in  the  fame  way ;  but  was  put  into  a 
veffel  whole  large  opening  communicated  with  tne  air: 
in  a  few  hours,  on  the  furface,  a  cloud  was  formed, 
which  augmented  in  thicknefs,  and  at  lafl  precipitated. 
This  depofnion  made  a  brifK.  effervefcence  with  i pi ric  of 
vitriol,  and  formed  felenite.  The  aerial  acid  which  this 
precipitate  contained  had  therefore  been  fupplied  by  the 
volatile  alkali,  which  had  attracted  it  from  the  atmo- 
fphere.  This  combination  of  the  aerial  acid  and  alka- 
line gas  forms  aerated  fal  ammoniac,  capable  of  decom- 
pofing  the  calcareous- falts  by  means  of  a  double  affi- 
nity, as  has  been  demonftrated  by  MdiYs  Black,  Jacquin, 
and  feveral  other  chemiits  ;  of  which  we  may  •  make 
eurfelves  certain,  by  pouring  a  folution  of  concrete  vo- 
latile alkali  into  a  folution  of  felenite,  which  the  vola- 
tile cauftic  alkali  does  not  affect.  Laftly,  to  be  con- 
firmed in  the  etiology  of  this  fecond  experiment,  I  took 
the  firft  portion,  which  was  united  with  the  cauftic  vola- 
tile alkali,  and  was  preferved  in  a  clofe  veflel,  and  had 
loft  nothing  of  its  tranfparency.  I  put  the  veffel  which 
contained  it  upon  the  fyphon  of  a  very  fmall  pneumato- 
chemical  apparatus,  and  dire&ed  into  this  mixture  the 
aerial  acid  which  was  iffuing  from  an  effervefcing  mix- 
ture of  fixed  alkali  and  fpirit  of  vitriol.  As  the 
bubbles  of  this  acid  parted  through  the  mixture,  it 
turned  turbid,  as  liine-warer  does.  After  filtration, 
chalk  was  found  upon  the  tilt  re  ;  and  the  water,  when 
evaporated,  yielded  vitriolic  ammoniac.  The  aerial 
acid  fpirit  produced  the  fame  decomposition  in  another 
mixture  of  pure  felenite  and  cauftic  volatile  alkali. 
This  decifive  experiment  completely  proves,  that  it  is 
'folely  by  means  of  the  double  affinity,  which  inftantly 
takes  place  by  the  addition  of  the  aerial  acid,  that  the 
volatile  alkali  becomes  capable  of  decompofing  fele- 
n.te.  Hence  it  is  evident,  that  when  we  are  to  keep 
the  mixture  of  a  mineral  water  with  the  volatile  alkali 
during  feveral  hours,  as  is  necetfary,  becaul'e  it  decom- 
jpofes  certain  earthy  falts  but  very  Howly,  this  experi- 
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ment  ought  to  be  made  in  a  veflel  which  can  be  com- 
pletely fliut  up,  to  prevent  the  contaft  of  the  air  from 
producing  a  falfe  refult.    This  precaution  is  in  general 


of  very  great  importance  in  the  ufe  of  all  the  tefts.  It 
is  befides  recommended  by  MeflVs  Bergman  and  Gioa- 
netti. 

I  mall  add  one  obfervation  upon  the  ufe  of  the  vola- 
tile alkali.    As  it  is  very  difficult  to  have  volatile  alkali 
perfectly  cauftic,  in  which  ftate  it  muft  be  when  em- 
ployed to  analife  mineral  waters,  a  very  fimple  means 
may  be  employed,  which  I  have  pra&ifed  with  fuccefs. 
It  confifts  in  pouring  a  little  volatile  alkaline  fpirit  into 
a  retort  whofe  neck  is  immerfed  into  the  mineral  wa- 
ter ;  by  the  application  of  a  gentle  heat  to  the  retort, 
the  alkaline  gas  is  difengaged,  and  pafies  over  very 
cauftic  into  the  water.    If  a  precipitate  appears,  the 
mineral  water  contains  fome  martial  vitriol,  which  is 
proved  conftantly  by  the  colour  of  the  precipitate,  or 
falts  with  bafe  of  earth,  of  alum,  or  of  magnefia.    It  is 
very  difficult  to  judge  by  the  phyfical  properties  of  the 
earthy  precipitate,  formed  in  a  water  by  the  cauftic  vo- 
latile alkali,  to  which  of  thefe  two  lall  bafes  the  pre- 
cipitate ought  to  be  referred.    However,  the  manner 
in  which  it  is  formed  may  tell  what  its  character  is.  By 
difiblving  fix  grains  of  Epfom  fait  in  four  ounces  of  di- 
ftilled  water,  and  fix  grains  of  alum  in  an  equal  quan- 
tity ;  and  by  directing  into  each  of  thefe  folutions  a 
little  alkaline  gas,  that  of  the  Epfom  fait  was  inflantly 
turned  turbid,  whilftthat  of  the  alum  began  to  precipi- 
tate only  in  twenty  minutes  after.  Care  had  been  taken 
to  put  the  mixture  into  a  veflel  clofely  (hut.    The  fame 
phenomenon  happens  with  the  nitrous  and  marine  falts 
with  bafe  of  magnefia  and  earth  of  alum,  when  diflbl- 
ved  in  equal  quantity  in  diftilled  water,  and  managed 
with  the  fame  precautions.    The  celerity  or  flownefs  of 
precipitation  of  a  mineral  water  by  the  addition  of  the 
alkaline  gas,  thus  ferves  to  mow  what  is  the  earthy  fait 
decompofed.    In  general,  the  falts  with  bafe  of  magne- 
to 
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fia  are  infinitely  more  common  in  the  mineral  waters 
than  thofe  with  bafe  of  aluminous  earth.  I  Ihould  not 
forget  mentioning  a  fact  obferved  by  M.  Bergman  ; 
which  is,  the  volatile  alkali  is  fufceptible  of  forming 
with  Epfom  fait  a  compound,  in  which  an  undecompo- 
fed  portion  of  this  neutral  fait  is  combined  with  a  por- 
tion of  Glauber's  fecret  ammoniacal  fait.  Perhaps  this 
undecompofed  portion  of  Epfom  fait  forms  with  the  vi- 
triolic ammoniac  a  mixed  neutral  fait,  analagous  to  fal 
alembroth.  The  volatile  alkali  then  precipitates  only  a 
part  of  the  magnefia,  and  cannot  exactly  determine  the 
quantity  of  Epfom  fait,  of  which  it  is  the  bafe.  For  this 
reafon,  lime-water  appears  to  me  preferable  for  afcer- 
taining  the  nature  and  quantity  of  the  falts  with  bafe  of 
magnefia  contained  in  mineral  waters.  It  has  alfo  the 
property  of  precipitating  the  falts  with  bafe  of  alumi- 
nous earth,  much  more  copioufly  and  readily  than  al- 
kaline gas  does  *. 

The  concentrated  vitriolic  acid  precipitates  of  a  dirty 
white  a  water  containing  terra  ponderofa,  according 
to  M.  Bergman :  but  as  this  earth,  according  to  him, 
is  very  rarely  found  in  mineral  waters,  1  mult  proceed 
to  the  other  effects  of  this  teft.  When  it  produces  bub- 
bles in  a  water,  it  mows  the  prefence  of  chalk,  mild 
fixed  alkali,  or  pure  aerial  acid.  Each  of  thefe  fub- 
ftances  may  be  diltinguifhed  by  particular  phenomena. 
If  a  water  charged  with  chalk  is  heated,  into  which  fome 
vitriolic  acid  has  been  poured,  a  pellicle  and  a  feleni- 
tical  depofition  is  readily  formed ;  which  does  not  hap- 
pen in  f'imple  alkaline  waters.  At  firft  view,  it  would 
appear,  that  the  felenite  ought  to  precipitate  as  foon  as 
the  vitriolic  acid  is  poured  into  a  water  containing 

chalk. 

*  It  will  be  eafily  perceived  that  I  repeat  feveral  fads  which  have 
been  already  explained  through  the  work.  I  do  this  defignedly,  in 
order  to  render  this  fmall  account  of  the  analyfis  of  waters  more 
clear  and  complete  ;  and  to  collect,  about  the  means  of  their  ana- 
lyfis, all  the  knowledge  which  I  imagine  indifpcnfably  neceflary  for 
the  ftudy  of  this  fubjeft. 
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chalk.  However,  this  very  rarely  happens  without  the 
aid  of  heat ;  becaufe  thefe  waters  contain  for  the  molt 
part  a  fuperabundance  of  aerial  acid  which  promotes 
the  folution  of  the  felenite  ;  and  it  is  requifite  to  deprive 
them  of  this  acid  before  this  fait  can  be  feparated.  We  may 
be  convinced  of  this  by  throwing  a  few  drops  of  concen- 
trated vitriolic  acid  into  a  certain  quantity  of  precipitated 
lime-water,  and  afterwards  made  clear  by  aerial  acid.  If 
the  lime-water  abounds  greatly  with  regenerated  calcare- 
ous earth,  a  felenitical  precipitate  falls  in  a  few  minutes, 
or  more  flowly  and  in  proportion  to  the  diffipation  of  the 
free  aerial  acid.  If  it  does  not  fall  by  fimple  repofe,  as 
it  happens  when  the  water  contains  but  little  felenite  and 
a  great  quantity  of  fuperabundant  aerial  acid,  a  flight 
heat  is  enough  to  form  a  felenitical  pellicle  and  preci- 
pitate. 

Concentrated  fpirit  of  nitre  is  recommended  by 
M.  Bergman  to  precipitate  fulphur  from  hepatic  waters, 
formerly  called  fulphureous.  Without  adopting  the  the- 
ory of  this  celebrated  chemiit,  which  confiders  the  he- 
patic gas  as  fulphur  converted  into  a  gafeous  (late  by 
heat  and  phlogifton  ;  without  thinking,  with  him,  that 
heat  precipitates  the  fulphur  from  them  by  fdzing  upon 
the  phlogifton  and  difengaging  the  heat,  1  have  thought 
proper  to  mention  this  method,  which  is  very  ufeful  to 
difcover  the  prefence  of  fulphur  in  fulphureous  or  he- 
patic waters.  To  be  afiured  of  this  faci:,  it  is  fufficient 
to  pour  a  few  drops  of  fuming  fpirit  of  nitre  into  diftil- 
led  water,  which  has  been,  by  means  of  a  pneumato- 
chemical  apparatus,  impregnated  with  the  gas  difen- 
gaged  from  cauftic  liver  of  fulphur  heated  in  a  retort. 
This  artificial  hepatic  water,  which  {lightly  differs  from 
the  natural  fulphureous  waters  in  this,  that  it  is  difficult 
of  filtration,  and  appears  always  a  little  whitifh,  gives 
an  a  few  moments  a  precipitate  with  nitrous  acid.  This 
precipitate  is  of  a  yellow'dh  white ;  collected  upon  a 
filtre  and  dried,  it  burns  with  the  flame  and  fmell  pe- 
culiar to  fulphur,  of  which  it  pofleflfes  all  the  eharac- 
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ers.  It  feems  that  fpirit  of  nitre  alters  hepatic  gas,  as 
t  does  all  inflammable  matters  by  means  of  the  great 
quantity  of  pure  air  which  it  contains.  If  it  is  the  only 
Kid  poffefiing  this  property,  it  is  owing  to  the  very  in- 
:onfiderable  union  of  the  air,  which  makes  a  confti- 
:uent  principle  in  this  acid.  For  the  fame  reafon,  it 
icts  upon  all  combuftible  matters,  and  reduces  them  to 
the  ftate  of  burnt  bodies  much  more  rapidly  than  the 
other  acids. 

No  agent  is  as  yet  fo  little  known,  with  regard  to 
the  manner  of  its  acting,  as  the  phlogifticated  alkali. 
It  is  a  long  time  fince  chemifts  knew  that  this  liquor, 
prepared  with  ox-blood,  contained  Pruflian  blue  already 
formed.    It  has  been  imagined,  that  this  blue  might 
be  feparated  by  means  of  an  acid ;  and  in  this  ftate  it 
has  been  propofed  as  a  fubftance  capable  or  demon- 
fhating  the  exiftence  of  iron  in  mineral  waters.  The 
late  M.  Bucquet  having  obferved,  that  a  phlogifticated 
alkali,  precipitated  by  an  acid,  ftill  contained  Pruflian 
blue,  which  was  gradually  precipitating,  took  care  to 
feparate  this  blue  by  filtration  :  the  alkali  depofited  it 
afrefh  ;  and  it  was  filtered  more  than  twenty  times  in 
the  fpace  of  two  years,  without  being  totally  deprived  of 
Pruffian  blue.  1  have  fome  of  this  liquor,  prepared  more 
than  five  years  ago  ;  and  it  ft  ill  has  a  pretty  blue  colour. 
Might  the  colouring  part  of  Pruflian  blue  be  contained 
in  the  phlogifticated  ley,  as  M.  Bucquet  thought,  and 
as  M.  Baunach  laid  long  ago?    However  it  be,  we 
ought  to  give  up  this  ley  in  the  employment  of  tefts. 
M.  Macquer,  from  his  famous  difcovery  of  the  de- 
compofuion  of  Pruflian  blue  by  the  alkalis,  propofed 
the  liquor,  faturated  with  the  colouring  part  of  this 
blue,  to  detect  iron  in  mineral  waters  :  however,  as 
this  liquor  contains  a  little  Pruflian  blue,  which  may  be 
feparated  from  it  by  an  acid,  as  M.  Macquer  has  fhown, 
M.  Baume  directs  adding  to  this  Pruflian  alkali,  two 
or  three  ounces  of  diltilled  vinegar  in  the  pound,  di- 
gelling  it  with  a  gentle  heat  till  all  the  blue  be  precipi- 
tated 4 
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tated ;  then  pure  fixed  alkali  is  poured  upon  it,  to  fa. 
turate  the  vinegar.  Notwithstanding  this  very  inge- 
nious procefs,  we  have  had  occafion  to  obferve,  I  mean 
M.  Bucquet  and  myfelf,  that  this  Pruflian  alkali,  when 
purified  by  vinegar,  depoiited  Pruflian  blue  a  long 
time,  and  particularly  by  evaporation  with  heat.  M. 
Gioanetti,  whom  I  have  had  occafion  to  mention  fe. 
veral  times  with  approbation,  has  made  the  fame  obfer- 
vation,  by  evaporating  to  drynefs  the  Pruflian  alkali, 
purified  by  M.  Baume's  procefs.  He  has  propofed  two 
methods  for  obtaining  this  liquor  more  pure,  and  totally 
exempt  from  iron.  In  the  one,  he  directs  furcharging 
the  Pruflian  alkali  with  diftilled  vinegar,  evaporating  it 
to  drynefs  with  a  gentle  heat,  diflblving  the  remaining 
mafs  in  diftilled  water,  and  filtrating  the  folution.  .All 
the  Pruflian  blue  remains  upon  the  filtre,  and  the  liquor 
contains  no  more.  The  other  procefs  confifts  in  neu- 
tralifing  this  alkali  with  a  folution  of  alum ;  the  vitrio- 
lated  tartar  is  filtrated,  and  feparated  by  evaporation. 
Thefe  two  liquors  give  not  an  atom  of  Pruflian  blue 
with  pure  acids,  nor  by  evaporation  to  drynefs.  The 
volatile  alkali,  faturated  with  the  colouring  matter  of 
the  Pruflian  blue,  has  alfo  been  propofed,  which  has 
the  fame  inconvenience,  and  may  be  purified  in  the 
fame  way.  Lime-water  faturated  with  the  colouring  mat- 
ter of  the  Pruflian  blue,  of  which  I  have  fpoken  in  the 
article  Iron,  does  not  appear  exempt  from  thefe  incon- 
veniences. Poured  upon  a  folution  of  martial  vitriol,  it 
forms  inftantly  a  Pruflian  blue,  quite  pure,  ;and  de(H- 
tue  of  a  green  colour.  The  acids  precipitate  not  an 
atom  of  blue  from  it.  It  contains,  therefore,  no  iron  ;  and 
it  is  preferable  to  the  Pruflian  alkalis  for  cflaying  mine- 
ral waters.  This  phenomenon  undoubtedly  depends 
upon  this,  that  lime,  diflblved  in  water,  has  not  near 
the  fame  action  upon  iron  as  the  alkalis  have.  This 
Pruflian  lime-water  appeared  to  me  well  adipted  to  de- 
tect iron  in  waters,  whether  gafeous  or  vitriolic.  For 
indeed  this  aerial  gas,  which  holds  the  iron  diflblved  in 
2  waters, 
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waters,  being  of  an  acid  nature,  decompofes  as  well  the 
Pruflian  leys,  by  means  of  the  double  affinities,  as  it 
does  the  martial  vitriol.  I  tried  the  Pruflian  lime-water 
upon  the  waters  of  Spa  and  Pafly :  I  inftantly  obtained 
a  blue  precipitate,  not  very  remarkable,  though  (enfible, 
in  the  former,  and  very  apparent  in  the  latter.  This,  then, 
is  a  liquor  eafily  prepared,  which  contains  not  an  atom 
of  Pruflian  blue,  and  which  is  very  proper  to  {how  the 
pretence  of  the  fmalleft  quantity  of  iron  in  waters.  It 
is  a  kind  of  neutral  fait,  formed  by  the  colouring  part 
of  the  Pruflian  blue  and  lime. 

The  gall-nut,  as  well  as  all  bitter  and  aftringent  ve- 
getable fubftances,  as  oak-bark,  the  fruit  of  the  cyprefs 
tree,  the  bark  of  walnuts,  have  the  property  of  precipi- 
tating folutions  of  iron,  and  giving  to  this  metal  different 
colours,  according  to  its  quantity  and  its  ftate,  and  ac- 
cording to  the  ftate  of  the  water  which  kept  it  in  folu- 
tion.   This  colour  exhibits  a  great  number  of  varieties, 
from  a  pale  rofe  to  the  deepeft  black.    It  has  been  dii- 
covered,  that  the  purple  colour  which  the  waters  affume 
with  the  tincture  of  the  gall-nut,  is  not  an  indication 
that  iron  is  contained  in  a  metallic  ftate,  as  M.  Monnet 
had  believed  ;  fince  martial  vitriol  and  iron,  united  with 
aeriel  acid,  which  I  call  creta  martialis,  are  likewife  co- 
loured purple  by  the  infufion  of  the  gall-nut.    It  is  ra- 
ther the  quantity  of  the  iron,  its  greater  or  lefs  degree 
of  adherence  to  the  water,  and  the  more  forward  or 
backward  ftate  of  this  folution's  decompofition,  which 
occafron  the  differences  of  colour,  which  are  obferveel 
in  thele  precipitations,  as  M.  Duchanoy  has  very  well  ob- 
ferved  in  his  Eflay  upon  the  Art  of  imitating  Mineral  Wa- 
aters.     Yet,  notwithstanding  this  teft  has  been  known 
and  employed  with  much  fuccefs  in  the  analyfis  of  mi- 
neral waters,  fince  the  time  M,  Duclos  recommended  it 
in  the  year  1667,  and  although  Meffrs  Macquer,  Mon- 
net, and  the  Dijon  Academicians,  have  made  fome  pretty- 
experiments  upon  the  gall-nut,  the  nature  of  the  a- 
ftringent  principle  is  ftill  unknown.    We  can  only  fuf- 
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peft  tnat  it  is  a  kind  of  particular  acid,  as  it  unites  with 
the  alkalis,  reddens  the  blue  colour  of  vegetables,  de- 
compofes  liver  of  fulphur,  and  combines  with  the  me- 
tals. The  gall-nut  is  employed  to  difcover  the  pre- 
sence of  iron  in  a  mineral  water,  either  in  the  form  of 
a  powder,  or  its  infufion  made  in  the  cold  and  the  tinc- 
ture with  fpirit  of  wine.  This  laft  form  is  to  be  prefer-  j 
red,  becaufe  it  is  much  lefs  fubject  to  alteration  than  the 
folution  in  water,  .which  is  very  apt  to. grow  mouldy. 
What  is  raoft  fingular  is,  that  the  produces  by  diftilla- 
tion  of  the  gall-nut  likewife  colour  martial  folutions. 
The  folution  in  the  acids,  alkalis,  oils,  fether,  all  prefent 
the  fame  phenomenon.  The  iron  which  this  matter 
precipitates  from  the  acids,  is  in  a  condition  little  under- 
flood,  and  forms  a  kind  of  neutral  fait,  which  is  not  at-j 
tractible  by  the  magnet,  although  very  black :  it  dif- 
folves  llowly  and  without  a  fenfible  effervefcence  in  the 
acids  ;  it  lofes  thefe  properties  by  the  action  of  the  fire, 
and  becomes  attractible.  The  gall-nut  is  ateft  of  foYaft 
a  fenfibility,  that  a  fingle  drop  of  its  tincture  gives,  in 
the  fpace  of  five  minutes,  a  purple  colour  to  a  water 
containing  only  a  twenty-fourth  of  a  grain  of  martial 
vitriol  in  near  three  pints  of  water. 

The  two  laft  tefts  I  {hail  propofe  in  the  examination  of 
waters  are,  the  folutions  of  filver  and  mercury  in  nitrous 
acid.  They  have  been  ufually  employed  to  detect  the  vi- 
riolic  or  marine  acids  ;  but  feveral  other  fubltances  may 
likewife  precipitate  themfelves  without  the  need  of  the 
prefence  of  the  fmalleft  quantity  of  thefe  acids.  The  white 
and  heavy  flriae,  which  a  lunar  folution  occafions  in  a 
water  containing  only  half  a  grain  of  a  marine  fait  in  the 
pint,  very  eafily  and  very  furely  announce  the  acid  of 
this  fait.  But  they  do  not  difcover  in  the  fame  degree 
the  prefence  of  the  vitriolic  acid,  as  it  requires,  ac- 
cording to  M.  Bergman's  calculation,  at  leaft  thirty 
grains  of  Glauber's  fait  in  a  pint  of  water,  to  produce  an 
immediate  fenfible  effect ;  add  to  this,  that  the  fixed  al- 
kali, chalk,  and  magnefia,  may,  in  a  much  more  remark- 
able. 
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able  manner,  precipitate  the  nitrous  folution :  therefore 
the  precipitation  of  a  mineral  water  by  means  of  this 
folution,  cannot  be  depended  upon  as  an  accurate  ten: 
of  the  precife  faline  or  earthy  fubflance  to  which  it  is 
owing. 

The  nitrous  mercurial  folution  is  flill  more  apt  to  mif- 
lead.    It  not  only  indicates  the  prefence  of  the  vitrio- 
lic and  marine  acids  in  a  water,  but  it  is  precipitated  by 
the  mild  fixed  alkali,  of  a  yellowifh  powder,  which  we 
might  miftake  for  the  effect  of  the  vitriolic  acid.  A 
very  fimilar  depofition  is  caufed  by  lime  and  magnefia. 
It  is  commonly  believed,  that  the  very  copious  white 
precipitate  which  it  forms  in  a  water,  is  owing  to  the  pre- 
fence of  a  marine  fait;  but  the  mucilages  and  extractive 
fubftances  exhibit  the  fame  phenomenon,  as  all  chemifts 
now  know.    Befides  thefe  fources  of  error  and  uncer- 
tainty, from  the  property  which  feveral  fubftances  have 
of  producing  a  fimilar  effect  with  the  nitrous  folution, 
we  muft  have  regard  to  other  properties  which  depend 
upon  the  ftate  of  the  folution  itfelf,  and  of  which  it  is 
•very  requifite  we  mould  be  warned,  fo  as  not  to  com- 
mit grol's  miftakes  in  the  analyfis  of  waters.    M.  Berg- 
man has  taken  notice  of  a  few  of  the  fingular  differences 
which  are  obferved  in  this  folution,  according  to  the 
manner  in  which  it  has  been  made  in  the  cold  or  with 
heat,  chiefly  relating  to  the  colour  of  the  precipitates 
which  it  gives  by  different  intermedia :  but  he  has  not 
faid  a  word  of  the  property  which  this  folution  has  of 
being  precipitated  by  lime-water  when  it  is  very  copious 
in  calx  of  mercury,  although  M.  Monnet  has  taken  no- 
tice of  the  fact  in  his  Treatife  upon  the  Solution  of  the 
Metals.    As  this  is  of  great  importance  in  the  analvfis 
of  waters,  1  fet  about  afcertaining  the  fact  completely ; 
and  I  lucceeded  in  a  very  fun  pie  way.    1  made  a  great 
number  of  folutions  of  mercury  in  very  pure  nitrous  a- 
cid  of  different  quantities  of  thefe  two  fubftances;  with- 
out and  with  heat,  and  with  acids  of  different  degrees 
2  °  of 
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of  ftrength.  Thefe  experiments  yielded  different  re- 
fults. 

i .  The  folutions  made  in  the  cold  are  more  or  lefs 
readily  charged  with  a  greater  or  lefs  quantity  of  mer- 
cury according  to  the  concentrated  ftate  of  the  acid ; 
but  whatever  quantity  of  mercury  is  taken  up  in  the 
cold  by  a  concentrated  acid,  this  folution  never  is  pre- 
cipitated by  water.  I  diffolved  in  the  cold  two  gros 
and  a  half  of  mercury  in  two  gros  of  fuming  fpirit  of 
nitre,  weighing  an  ounce  four  gros  and  five  grains,  in  a 
bottle  which  contained  an  ounce  of  diftilled  water  :  the 
combination  took  place  with  Angular  rapidity  ;  more  than 
the  fourth  of  the  aaid  was  loft  in  a  very  copious  thick 
nitrous  gas  and  aqueous  vapours,  which  were  difcharged 
by  the  heat  of  the  mixture  :  the  folution  was  of  a  deep 
green,  very  tranfparent.  I  poured  a  few  droops  of  it  into 
an  ounce  of  diftilled  water ;  fome  whitifh  ftrise  formed, 
which  were  diffolved  by  agitation,  and  gave  no  precipi- 
tate. This  is,  however,  the  moft  copious  folution  which 
I  was  able  to  make  in  the  cold,  which  excites  the  great- 
eft  motion  and  effervefcence,  and  mod  deep  red  va- 
pours. As  it  had  depofited  cryftals,  I  added  two  gros 
of  diftilled  water,  which  diffolved  the  whole  without 
appearance  of  precipitation.  ^Farther,  thofe  made  in 
the  cold  with  ordinary  nitrous  acid,  and  half  their 
weight  of  mercury,  never  will  be  precipitated  by  water, 
and  might  be  employed  fuccefsfully  in  the  analyfis  of 
mineral  waters. 

*  2.  However  final  1  be  the  degree  of  concentration  of 
the  nitrous  acid,  if  it  is  ftrongly  heated  upon  mercury, 
it  will  diffolve  a  greater  quantity  than  the  ftrongeft 
acid  will  do  in  the  cold;  and  the  folution,  (lightly  co- 
loured yellow,  will  appear  thick  ;  it  will  let  fall  by  re- 
pofe  an  irregular  yellow  mafs,  which  may  be  changed 
into  a  beautiful  turbith  by  means  of  boiling  water. 
This  folution,  poured  into  diftilled  water,  forms  a  very 
copious  precipitate  of  a  yellow  colour  refembling  tur- 
bith. A  folution  made  in  the  cold  will  exhibit  the  fame 
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phenomenon,  if  it  is  ftrongly  heated,  and  if  much  nU 
trous  gas  is  difengagcd.  Thefe  folutions  with'  heat 
mould  never  be  ufed  in  the  analyfis  of  mineral  waters, 
fince  they  are  decompof'ed  by  diflilled  water. 

9.  It  appears  that  thefe  two  kinds  of  folutions  differ 
f  om  one  another  only  in  the  quantity  of  calx  of  mer- 
cury, which  is  much  greater  in  that  precipitated  by  wa- 
ter than  that  which  is  undecompofible  by  this  fluid.  I 
demonftrated  the  truth  of  this  prefumption,  by  evapora- 
ting equal  quantities  of  the  one  and  6i  the  other  of  thefe 
folutions.  I  obtained  a  fourth  more  of  this  precipitate 
from  the  folution  precipi table  by  water,  than  from  that 
which  was  not  precipitable.  The  fpecific  weight  feemed 
flill  a  better  means  of  mowing  the  refpective  quantity 
of  mercurial  calx  contained  in  thefe  different  liquors.  I 
compared  the  relative  weight  of  an  equal  volume  of  three 
mercurial  nitrous  folutions,  which-  differed  from  one 
another.  The  one  not  at  all  precipitable  by  diflilled  wa- 
ter; and  the  refult  of  the  firft  experiment,  mentioned 
above,  weighed  one  ounce  one  gros  and  fixty-feven 
grains  in  a  bottle,  which  contained  juft  an  ounce -of  di- 
flilled water.  The  fecond  folution  had  been  made  by 
a  very  gentle  heat,  and  gave  a  flight  opal  colour  to  di- 
flilled water,  without  producing  a  very  remarkable  pre- 
cipitate ;  in  the  fame  bottle  it  weighed  one  ounce  fix 
gros  and  twenty-four  grains.  A  third  mercurial  folu- 
tion, ftrongly  heated,  which  precipitated  a  true  turbith 
mineral,  of  a  dirty  yellow,  by  means  of  diflilled  water, 
weighed  in  the  fame  bulk,  one  ounce,  feven  gros,  and 
twenty-five  grains.  To  confirm  this  opinion  the  more, 
a  decifive  experiment  remained  to  be  made.  If  the  fo- 
lution which  water  precipitated,  owed  this  property  to 
too  great  a  quanty  of  mercurial  calx  relatively  to  the 
quantity  of  acid,  it  ought  to  lofe  this  property  by  the 
addition  of  acid  neceffary  to  fupport  the  mercury  :  it 
fo  turned  out.  By  pouring  fome  aquafortis  upon  a 
folution  which  water  decompofed,  it  became  unde- 
compofable  by  water;   and  it  was  abfolutcly  in  the 
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fame  flatc  as  that  which  was  made  flowly  and  by  the 
heat  of  the  atmofphere  alone.  M.  Monnet  has  already 
taken  notice  of  this  procefs,  as  hindering  the  cryftals  of 
mercurial  nitre  from  being  reduced  into  a  turbith  by 
the  contact  of  air.  By  an  inverfe  procefs,  evaporating  a 
portion  of  the  acid  of  a  proper  folution  which  is  not  pre- 
cipitated by  water,  this  folution  is  converted  into  one, 
which  abounds  in  the  calx,  and  confequently  is  precipi- 
table  by  water.  It  may  regain  its  firft  quality  by  refto- 
ring  to  it  the  acid  which  it  loft  during  evaporation. 

Such  are  the  different  confiderations  upon  which  1  have 
thought  proper  to  enter,  to  render  lefs  uncertain  the  effect 
of  the  tefts  upon  the  waters.  But  however  precife  we  may 
be  in  thefe  invefligations;  however  extenfive  our  know- 
ledge of  the  degree  of  purity,  and  of  the  different  ftates  of 
the  different  fubftances  which  we  mix  with  mineral  wa- 
ters in  order  to  difcover  their  principles  ;  if  it  is  only 
to  be  alleged,  that  each  teft  is  fufceptible  of  indicating 
two  or  three  different  matters  diffolved  in  thefe  waters, 
a  doubt  will  always  remain  of  the  refult  of  their  action. 
Lime,  for  example,  attracts  aerial  acid  ;  it  precipitates 
the  falts  with  bale  of  clay  and  magnefia,  and  alio  the 
metallic  falts :  the  volatile  alkali  has  the  fame  effect ; 
the  fixed  alkali  precipitates,  befides  thefe  falts,  thofe 
with  bafe  of  lime  ;  lime-water,  charged  with  the  colour- 
ing part  of  Pruffian  blue,  the  Pruflian  alkali,  and  the 
fpirituous  tincture  of  the  gall-nut,  precipitate  vitrioluin 
ferri  and  creta  martialis ;  the  nitrous  folutions  of  filver 
and  of  mercury,  decompofe  all  the  vitriolic  and  marine 
falts,  which  may  vary  or  be  found  feveral  in  the  fame 
water;  thty  themfelves  are  decompofed  by  the  alkalis, 
chalk,  and  magnefia.  Amongfl:  this  great  number  of 
complicated  effects,,  how  are  we  to  diftinguifli  what 
happens  in  the  water  we  are  examining  ?  how  are  we  to 
know,  whether  it  is  fimple  or  whether  it  is  compound  ? 

Thefe  queflions,  though  very  difficult  at  the  time 
when  chemiftry  was  not  furnimed  with  all  its  refources, 
may,  confidering  our  prefent  knowledge,  be  now  agi- 
tated j 
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rated;  and  we  are  hopeful  of  anfwering  them  in  a  (atif- 
faclory  manner.  I  obierve,  in  the  firit  place,  that  fince 
the  nature  of  the  tefts  is  much  better  known  than  it 
was  a  few  years  ago,  and  their  reaction  upon  the  prin- 
ciples of  the  waters  is  much  more  fully  appreciated,  this 
is  already  aground  of  ftrong  prefumption,  that  their  ufe 
may  be  of  much  more  utility  than  has  hitherto  been 
imagined.  Among  the  great  number  of  excellent  che- 
mifts  who  have  applied  themfelves  to  the  analyfis  of  wa- 
ters, there  have  appeared  none,  except  MefTrs  Baume, 
Bergman,  and  Gioanetti,  who  have  perceived  that  a  greater 
part  of  them  might  be  extracted  than  has  as  yet  been 
done.  It  has  been  a  longtime  thecuftom,  in  examining 
mineral  waters  by  tefts,  to  ufe  very  fmall  dofes,  and  to 
perform  the  experiment  in  glafles  ;  the  obferved  phe- 
nomena of  precipitation  are  noted  down,  and  the  expe- 
riment is  puhhed  no  farther.  M.  Baume  in  his  Che- 
miftry  has  advifed  to  faturate  a  certain  quantity  of  a 
mineral  water  with  the  fixed  alkali  and  the  acids,  to 
collecl:  the  precipitates,  and  to  examine  their  nature. 
M.  Bergman  thought  that  we  might  judge  by  the  weight 
of  the  precipitates  of  the  quantity  of  the  principles  con- 
tained in  the  waters.  Some  other  chemifts  have  alfo 
employed  this  method,  but  always  in  fome  particular 
view ;  and  no  perfon  has  propofed  analyfing  mineral  wa- 
ters by  this  means.  To  infure  fuccefs,  I  am  of  opinion, 
that  feveral  pounds  of  a  mineral  water  mould  be  mixed 
with  each  teft,  till  the  teft  ceafe  to  precipitate  the  wa- 
ter. The  precipitate  is  then  to  be  allowed  to  collecl:  for 
twenty-four  hours  in  a  veflel  clofely  fhut ;  the  mixture 
is  to  be  filtrated  :  and  by  the  known  means,  the  precipi- 
tate remaining  upon  the  nitre  is  to  be  examined  after  it 
has  been  weighed  and  dried.  By  this  means,  we  mall 
dilcover  completely  the  nature  of  the  fubftance  upon 
which  the  teft  has  a£led,  and"  determine  the  caufe  of 
the  decompofition.  We  might  follow  a  certain  or- 
in  thefe  operations,  by  fir  ft:  mixing  the  waters  with 
the  fubftances  which  are  lead  fufceptible  of  altering 
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them  ;  and  thus  advancing  from  thefe  fubftances  to 
thofc  which  are  capable  of  producing  the  molt  varied 
changes,  and  changes  of  the  rnbft  difficult  eftimation. 
This  is  what  I  ufed  to  do  in  fuch  fpecies  of  analyfis.  Af- 
ter having  examined  the  talte,  the  colour,  the  weight, 
and  all  the  other  properties  of  a  mineral  water,  I  pour 
upon  four  pounds  of  this  fluid  as  much  lime-water  ;  if 
no  precipitate  falls  in  twenty-four  hours,  I  think  myfelf 
certain  that  this  water  contained  no  difengaged  aerial 
acid,  nor  mild  fixed  alkali,  nor  earthy  falts  with  bafe  of 
aluminous  earth  or  magnefia,  nor  metallic  falts ;  but 
if  a  precipitate  inftantly  or  gradually  forms,  I  filter  the 
mixture,  and  examine  the  chemical  properties  of  the  de- 
pofition.  .  If  it  has  no  rarte,  if  it  is  infoluble  in  water,  if 
it  efFervefces  with  acids,  and  if  it  forms  with  fpirit  of  vi- 
triol an  infipid  fait  almoft  infoluble  in  water,  I  hence 
'conclude  that  it  is  chalk,  and  that  the  lime-water  at- 
tracted only  the  aerial  acid  diffolved  in  the  water,  ff,  on 
the  contrary,  it  is  not  copious,  if  it  collects  difficultly,  if 
it  excites  no  effervefcence,  if,  with  the  vitriolic  acid,  it 
produces  a  ftyptic  fait,  or  a  bitter  one  and  very  foluble, 
it  is  formed  of  magnefia  or  aluminous  earth,  and  often 
by  both.  There  is  no  need  of  being  more  explicit  upon 
the  means  ufed  to  diftinguifh  thefe  two  fubitances,  as 
they  ought  to  be  very  well  known.  I  only  add,  that 
they  might  be  repeated  often  enough,  that  no  doubt  cf 
their  nature  may  remain.. 

After  their  examination  by  means  of  lime-water,  I 
pour  upon  four  pounds  of  the  fame  mineral  water  a  gros 
or  two  of  volatile  cauflic  alkali ;  or  I  pafs  through  it 
fome  alkaline  gas  difengaged  by  means  of  heat.  When 
the  water  is  faturated  with  it,  1  leave  the  mixture  in  a 
clofe  veffel  for  twenty-four  hours ;  then,  if  a  precipitate 
is  formed,  which  can  arife  only  from  the  falts  with  bafe 
of  iron,  magnefia,  or  aluminous  earth,  I  inveltigate  its 
nature  by  the  different  methods  fpoken  of  in  treating 
of  the  action  of  lime.  But  the  acTion  of  the  alkaline 
gas  being  lefs  to  be  depended  upon  than  that  of  lime- 
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•water,  which  affects  the  fame  decompofitions  which  it 
does,  it  is  proper  to  obferve,  that  we  mould  employ  it 
only  as  an  auxiliary ;  the  refults  from  which  cannot  be 
expected  to  be  fo  accurate  as  thofe  given  by  the  former 
teft. 

When  the  falts,  with  bare  of  aluminous  earth  or  of 
magnefia,  have  been  difcovcred  by  means  of  lime-water 
or  alkaline  gas,  the  cauftic  mineral  alkali  ferves  to  detect 
thofe  with  bafe  of  lime  ;  fuch  as  felenite  and  calcareous 
marine  fait.  Therefore  I  precipitate  fome  pounds  of  the 
water  I  am  examining  by  means  of  this  alkali  diffolved, 
till  no  farther  turbidnefs  is  occafioned,  as  it  decompofes 
the  falts  with  bafe  of  aluminous  earth  as  well  as  thofe 
formed  by  lime  ;  if  the  precipitate  refembles  in  form, 
colour,  and  quantity,  that  which  is  yielded  by  lime-wa- 
ter, it  is  to  be  prefumed  that  the  water  contains  no  cal- 
careous fait ;  and  the  chemical  examination  of  this  pre- 
cipitate generally  confirms  the  fufpicion.  But  if  the 
mixture  is  much  more  turbid  than  that  with  the  lime- 
water;  if  the  depofition  is  more  weighty,  more  copious, 
snd  collects  more  quickly;  then  it  contains  lime  mixed 
•with  magnefia  or  aluminous  earth.  1  fatisfy  myfelf  by 
-treating  the  depofition  with  the  different  means  already 
•mentioned.  It  is  known,  that  iron  precipitated  by  the 
tells  at  the  fame  time  with  the  faline  earthy  fubftances, 
is  eafy  to  be  detected  by  its  colour  and  talte  ;  and  that 
.the  fmall'  quantity  of  this  metal,  feparated  by  thefe  pro- 
ceffes,  is  not  capable  of  affecting  the  refults. 

It  were  ufelefs  to  dwell  upon  the  fubitances  which  the 
oil  of  vitriol, fpirit  of  nitre,  the  gall-nut,  alkalis,  or  lime, 
faturated  with  the  colouring  part  of  Pruffian  blue,  when 
employed  as  tefts,  might  difcover  in  the  mineral  waters. 
What  has  been  delivered  already  about  the  general  ef- 
fects  of  thefe  matters  ought  to  fuffice  :  give  nie  leave 
only  to  fay,  that  upon  mixing  them  in  great  quantity 
with  the  waters,  we  may,  by  collecting  the  precipitates, 
difcover  more  completely  the  nature  and  the  quantity  of 
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their  principles,  as  M.  Bergman  and  M.  Gioanetti  have 
done. 

^  I  (haM  dwell  longer  upon  the  products  given  by  the 
nitrous  folutions  of  filver  and  of  mercury  when  mixed 
with  mineral  waters.    It  is  particularly  with  thefe  tefts 
that  it  is  of  advantage  to  operate  upon  large  quantities, 
to  be  able  to  determine  the  nature  of  the  acids  which 
thefe  waters  contain.    The  analyfis  of  thefe  fluids  will 
become  complete  by  the  knowledge  of  their  acids, 
fince  thefe  laft  are  in  them  combined  frequently  with 
the  bales  which  the  preceding  tefts  have  difcovered. 
The  colour,  the  form,  and  the  abundance  of  the  pre- 
cipitates formed  by  the  nitrous  folutions  of  mercury 
and  filver,  have  completely  indicated  to  chemifts  the 
nature  of  the  acids  to  which  they  are  owing.    A  co- 
pious weighty  depofition,  which  is  inftantly  formed 
by  thefe  folutions,  difcovers  the  marine  acid.    If  it  is 
not  fo  copious,  white,  and  cryftallifed,  with  the  lunar 
nitre  ;  yellowifh  and  irregular  with  mercurial  nitre  ;  if 
it  collects  but  flowly,  it  is  alcribed  to  the  vitriolic  acid. 
However,  as  thefe  two  acids  are  found  frequently  in 
the  fame  water,  as  an  alkali  and  chalk  alfo  decompofe 
thefe  folutions,  our  refults  are  uncertain  when  we  refer 
only  to  the  phyfical  properties  of  the  precipitates.  We 
muft  then  fubmit  them  to  a  more  thorough  examina- 
tion.   For  this  purpofe,  the  lunar  and  mercurial  folu- 
tions fhould  be  mixed  with  five  or  fix  pounds  of  the 
water  which  we  wifh  to  analyfe ;  the  mixtures  filtrated 
twenty-four  hours  after;  the  depofitions  dried,  and 
treated  Jecundum  artem.    Upon  heating  in  a  retort  the 
precipitate  made  by  the  nitrous  folurion  of  mercury, 
the  portion  of  this  metal,  united  with  the  marine  acid 
of  the  waters,  volatilifes  in  form  of  corrofive  fublimate 
or  fweet  mercury  :  that  which  is  combined  with  the 
vitriolic  acid  remains  at  the  bottom  of  the  velfel,  and 
is  of  a  reddifh  colour.    Thefe  two  falts  may  alfo  be 
diltinguiflied  by  putting  them  upon  a  burning  coal : 
the  vitriol  of  mercury  exhales  lulphureous  vapours., 
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"and  is  coloured  red  ;  the  marine  fait  remains  white, 
and  is  volatilifed  without  fmell  of  fulphur.  Thefe  phe- 
nomena ferve  alfo  to  Jiftinguifh  the  precipitates  which 
might  be  formed  by  the  alkaline  fubltances  contained 
.in  the  waters,  fince  thefe  la(t  exhale  no  fulphureous 
odour,  and  are  not  volatile  without  decompofition. 

The  precipitates  produced  by  the  combination  of  the 
mineral  waters  with  the  nitrous  folution  of  filver,  may 
be  examined  as  eafily  as  the  preceding.  The  vitriol 
of  filver  being  more  foluble  than  the  luna  cornea,  di- 
ftilled  water  may  be  fuccefsfully  employed  to  feparate 
thefe  two  falts.  Luna  cornea  is  diftin^uifhed  by  its-fixity., 
fufibility,  and  particularly  its  lefs  decompofibility  than 
that  of  the  vitriol  of  filver.  ,This  laft ,  put  upon  coals,  emits 
a  fulphureous  odour,  and  leaves  a  calx  of  filver  fufible 
without  addition.  I  do  not  fpeak  of  all  the  procefles 
which  cherniitry  might  furnifh  for  difcovering  and  fepa- 
rating  the  two  lunar  falts  juft  now  mentioned  ;  I  think 
it  fuflicient  for  me  to  mention  fome  of  them. 

§  6.  Examination  of  the  Mineral  Waters  by  diflillation- 

In  the  analyfis  of  mineral  waters,  diflillation  is  em- 
ployed to  find  out  the  gafeous  fubftances  united  to 
them.  Thefe  fubftances  are,  cither  air,  or  aerial  acid, 
or  hepatic  gas.  To  know  their  nature  and  quantity, 
we  mull:  take  a  few  pounds  of  the  mineral  water,  and 
put  them  into  a  retort,  which  they  fill  only  to  a  half  or 
two  thirds ;  we  muft  adapt  to  this  veifel  a  bent  tube, 
which  is  to  be  funk  in  a  veflcl  full  of  mercury.  The 
apparatus  thus  fixed,  the  retort  is  heated  till  the  water 
be  fully  boiling,  or  till  no  moreelaffJc  fluid  pafies  into 
the  veflels.  When  the  operation  is  finilhed,  we  fub- 
tracf.  from  the  volume  of  gas  obtained  the  quantity  of 
air  contained  in  the  retort  ;  the  remainder  is  the  aeri- 
form fluid  which  was  contained  in  the  mineral  water, 
whofe  nature  we  foon  find  by  means  of  a  lighted  candle, 
tin&ure  of  turnfol,  and  lime-water.  If  it  burns,  and 
3ias  a  fetid  odour,  it  is  hepatic  gas  ;  if  it  extinguifhes 
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the  candle,  reddens  turnfol,  and  precipitates  lime- 
water,  it  is  aerial  acid  :  laftly,  if  it  fupports  combu- 
ftion  without  inflaming,  if  it  has  no  fmell,  nor  alters 
turnfol  nor  lime-water,  it  is  atmofpheric  air.  It  may 
happen  that  this  laft  fluid  is  purer  than  atmofpheric  air  ; 
then  we  judge  of  its  degree  of  purity  by  the  manner  in 
which  it  fupports  combuflion.  The  procefs,  which  is 
followed  to  obtain  the  gafeous  matters  contained  in  the 
waters,  is  derived  quite  from  modern  chemiftry.  For- 
merly a  moiuVned  bidder  was  ufed,  which  was  tied 
to  the  neck  of  a  bottle  containing  a  mineral  water  ;  the 
fluid  was  agitated  j  and  by  the  fwell  of  the  bladder  we 
judged  of  the  quantity  of  gas 'contained  in  the  water.. 
Now  we  know  that  this  method  is  not  to  be  relied  on  ; 
becaufe  the  water  can  part  with  all  its  gas  only  by  ebul- 
lition, and  becaufe  the  fides  of  the  moiftened  bladder 
alter  the  elaflic  fluid  obtained.  There  isi  no  need  of 
obferving,  that  by  this  procefs  only  the  difengaged  ae- 
rial acid  is  obtained  which  is  contained  in  the  mineral 
water  we  are  examining;  that  we  muft  carefully  mark 
the  phenomena  which  the  water  exhibits,  in  proportion 
as  the  gas  is  feparated  :  daftly,  that  we  fhould  diftil  a 
quantity  of  water,  fomu'eh  the  lefs  as  it  is  mown  to  con- 
tain more  gas,  by  its  tafte,  fparkling  appearance,  and 
lightnefs. 

§  7.  Examination  of  Mineral  Waters  by  Evaporation. 

Evaporation  is  genendly  confidered  as  the  furefr. 
means  of  obtaining  all  the  principles  of  mineral  waters. 
It  has  been  taken  notice  of  already,  and  we  repeat  it 
aoain  from  the  works  of  Meffrs  Venel  and  Cornette, 
that  a  long  ebullition  may  decompofe  the  faline  mat- 
ters diffblved  in  the  water;  and  for  that  reafon  we  have 
directed  the  examination  of  them  by  t<  fts  in  large  quan- 
tity. However,  evaporation  maybe  fo  far  ufeful,  when 
joined  to  anaiyfis  by  tefts.  that  it  may  be  always  confi- 
dered as  one  of  the  principal  means  ofanalyfing  waters; 
and  that  therefore  the  mofr  proper  method  of  conducting 
this  procefs  fliould  be  fought  after.  The  aim  of  this  ope- 
ration 
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ration  being  to  collect  the  fixed  principles  contained  in 
a  mineral  water,  it  is  evident,  that  to  know  the  nature 
and  proportion  of  thefo  principles,  fo  much  the  more 
water  mull  be  evaporated  as  the  water  appears  to  be 
lefs  charged.  We  ought  to  work  upon  twenty  pounds 
once  when  the  water  feems.  to  contain  much  faline 
matter  :  if  there  is  but  little  diffolved,  we  muft  indif- 
penfably  evaporate  a  much  larger  quantity,  fometimes 
a  hundred  pounds.  The  nature  and  form  of  the  veffels 
for  the  evaporation  is  not  at  all  indifferent.  Thofe  of 
metal,  except  thofe  of  filver,  are  alterable  by  water; 
thofe  of  glafs,  of  a  certain  thicknefs,  are  very  fubject  to 
ruption;  thofe  of  glazed  and  well-baked  earth  the  mod: 
proper,  though  the  fplittingof  their  covering  coat  fome- 
times occafions  the  abforption  of  the  faline  matters. 
Thofe  of  unglazed  porcelain  would  be  without  contra- 
diction the  bed  ;  but  their  dearnefs  is  a  confiderable 
obftacle  to  their  ufe  *.  Different  methods  have  been 
propofed  by  chemiils  for  evaporating  mineral  waters. 
Some  have  propofed  evaporating  them  to  drynefs  in 
clofe  veffels,  to  prevent  the  admixture  of  foreign  fub- 
fhances,  which  may  be  floating  in  the  air,  with  the 
refiduum  ;  but  this  operation  is  tedious.  Others  have 
directed  a  heat  to  be  employed  in  their  evaporation 
fomewhat  below  the  boiling  point ;  imagining,  that 
this  degree  of  heat  alters  the  fixed  principles,  and  al- 
ways carries  oft*  a  part  of  them.  This  is  the  opinion 
of  Venel  and  Bergman.  M.  Monnet,  on  the  contrary, 
choofes  to  bojl  the  water ;  becaui'e  its  motion  prevents 
the  admiffion  of  foreign  fubftances.    M.  Bergman  gets 

rid 

*  It  were  greatly  to  be  wifhed  that  a  manufacture  of  common 
porcrlain  was  raifcd,  which  might  (apply  all  the  neceffary  vefiVU  to 
the  kill  hen,  pharmacy,  and  chemiltry.  There  is  no  need  of  a 
white,  fine,  precious  porcelain  ;  but  of  a  very  fine  earth,  with  its 
furface  pclifhed,  of  any  colour,  hard  enough  to  refill  the  heat  and  a 
f-  jd.len  heat  and  cold.  We  have  long  known  how  to  make  eafily  a 
g(><>d  porcelain,  which  has  at  the  fame  time  not  the  beauty  and 
w[1uei1efs  fo  much  valued,  which  raifes  the  price  confiderably  ;  now 
.  .s  a  porcelain  of  this  kind  which  is  wanted. 
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rid  of  this  inconvenience,  by  covering  the  evaporating 
veffcl  with  a  lid  with  a  hole  in  the  middle  to  give  paf- 
fage  to  the  vapours.  This  laft  method  greatly  retards 
the  evaporation,  the  furfaceof  the  fluid  being  confider- 
ably  dirriinifhed.  It  ought  to  be  employed  in  the 
beginning  till  the  vapours  be  ftrong  enough  to  difperfe 
the  powder.  But  the  greateft  difference  in  the  conduct 
of  this  experiment  confifts  in  this,  that  fome,  copying 
Boulduc,  feparate  the  fubftances  which  are  depofited 
as  the  operation  goes  on,  in  order  to  obtain  each  of  the 
principles  of  the  waters  pure  and  detached.  Some,  on 
the  contrary,  urge  the  evaporation  to  drynefs.  We 
agree  with  M.  Bergman,  that  this  laft  method  is  more 
expeditious  and  more  fure  ;  becaule,  whatever  precau- 
tion we  take  in  the  firfh  way,  in  order  to  feparate  the 
different  fubftances  which  are  depofited  or  which  cry- 
ftallife,  they  never  are  got  pure  ;  and  we  muft  always 
analyfe  them  farther  :  befides,  this  method  is  never  ac- 
curate, on  account  of  the  frequent  filtrations,  which 
occafion  great  lofs  ;  and  in  fhort,  it  is  very  embarraf- 
fing,  and  renders  the  evaporation  very  tedious.  Wa- 
ters, then,  fhould  be  evaporated  to  drynefs ;  in  which 
operation  different  phenomena  are  obferved.  If  the 
water  is  charged  with  gas,  bubbles  appear  in  it  upon 
the  firft  impreflion  of  the  heat :  in  proportion  as  the 
aeial  acid  is  difengaged,  a  pellicle  and  depoiiiion  is 
formed,  arifing  from  calcareous  earth  and  ferrum  ae- 
ratum.  The  cryftallifation  of  the  felenite  fuccceds 
thefe  firft  pellicles ;  and  at  laft  the  marine  and  febrifu- 
gal falts  cryftallife  in  cubes  at  the  furface,  and  the  deli- 
quefcent  falts  are  obtained  only  by  conducting  the  eva- 
poration to  drynefs:  next,  the  refiduum  is  weighed  ;  it 
is  put  into  a  fmall  phial  with  three  or  four  parts  of  fpi- 
rit  of  wine  :  the  whole  is  fhaken  ;  and  after  fome  hours 
-reft  it  is  filtrated  ;  the  fpirit  of  wine  kept  apart ;  the 
refiduum  which  the  fpirit  has  not  touched  is  dried  with 
a  gentle  heat :  after  it  is  well  dried,  it  is  accurately 
weighed  j  and  by  the  lofs  the  refiduum  has  fuffered, 

we 
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we  know  the  quantity  which  it  contained  of  calcareous 
marine  fait  and  marine  magnefia,  which  are  very  io- 
luble  in  fpirit  of  wine.  We  (hall  fay  more  afterwards 
of  the  manner  of  afcertaining  the  prefence  of  thefe  two 
falts  in  the  fpirit. 

I  Then  the  refiduum,  treated  with  the  fpirit  of  wine, 
and  well  dried,  is  wafhed  with  eight  times  its  weight 
of  cold  diftilled  water  ;  and  after  repofe  of  fome  hours 
it  is  filtrated  :  the  refiduum  is  dried  a  fecond  time,  and 
then  boiled  half  an  hour  in  four  or  five  hundred  times 
its  weight  of  diftilled  water :  it  is  again  filtrated ;  and 
nothing  remains  but  what  is  infoluble  in  cold  and  boil- 
ing water.  The  former  difTolvesthe  neutral  falts,  fuch 
as  Glauber's,  marine,  febrifugal,  and  Epfom  falts: 
if  nitre  or  alum  were  prefent,  which  rarely  happens, 
they  are  likewife  foluble  in  cold  water.  The  boiling 
water,  in  confiderable  quantity,  diffolves  but  little  of 
the  felenite.  There  are,  then,  four  fubftances  to  be 
examined  after  thefe  different  proceffes  are  over :  i .  The 
refiduum  infoluble  in  fpirit  of  wine  and  in  water  of  dif- 
ferent temperatures  ;  2.  the  falts  diflblved  in  the  fpirit; 
g.  thofe  feized  upon  by  the  cold  water  ;  and,  laftly, 
thofe  diflblved  by  the  boiling  water.  Let  us  proceed 
to  the  requifite  experiments  for  their  examination. 

1.  The  refiduum,  which  has  refilled  the  aclion  of 
the  fpirit  of  wine  and  of  water,  perhaps  compounded 
of  calcareous  earth,  aerated  magnefia,  aerated  iron, 
clay,  and  quartz ;  thefe  two  laft  fubitances  are  very 
rare,  but  the  three  firft  are  very  common  :  the  deeper 
or  lighter  brown  or  yellow  colour  indicates  the  prefence 
of  iron.  If  the  refiduum  is  of  a  whitiih  grey,  it  con- 
tains none  of  this  metal.  When  iron  is  prefent,  M. 
Bergman  directs  to  moiften  it,  and  to  expofe  it  to  the 
Sur,  in  order  to  ruft  it ;  then  vinegar  has  no  action  up- 
on it.  In  order  to  {how  the  means  of  feparating  thefe 
different  matters,  let  us  fuppofe  an  infoluble  refiduum, 
compofed  of  the  five  fubftances  which  we  have  faid  it 
might  contain.  We  muft  begin  by  moiltening  and  ex- 
poling 
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pofing  it  to  the  rays  of  the  fun  :  when  the  iron  is  very 
rufty,  the  refiduurn  is  digefted  in  diililled  vinegar. 
This  acid  diffolves  the  lime  and  magnefia  ;  the  foIuUon 
is  evaporated,  and  we  get  an  acetous  calcareous  fait ; 
which  is  diflinguifhed  from  acetous  magnefia  by  its 
not  attracting  the  air's  humidity.  Thefe  two  fahs  may 
^be  feparated  by  deliquefcence,  or  rarher  by  pouring 
into  their  folution  fome  vitriolic  acid.  This  forms  fome 
felenite  which  precipitates:  if  there  has  been  an  ace- 
tous magnefia,  the  Epfom  fait,  formed  by  the  vitriolic 
acid,  would  remain  diffolveJ,  and  might  be  obtained 
by  a  well-conducted  evaporation.  In  order  to  difcover 
the  quantity  of  magnefia  and  calcareous  earth  contained 
i-n  the  refiduurn,  the  felenite  and  Lpfom  fait,  formed 
by  pouring  the  vitriolic  acid  into  the  acetous  folution, 
are  feparately  precipitated  by  the  miid  vegetable  alkali, 
and  the  precipitate  is  weighed.  When  the  chalk  and 
magnefia  has  been  feparated  from  the  refiduurn,  there 
remains  only  the  clay,  iron,  and  quartz.  The  iron  and 
clay  are  both  taken  up  by  marine  acid  :  the  iron  is 
precipitated  by  the  Pruffian  alkali,  and  the  clay  by  the 
fixed  alkali ;  and  thefe  two  fubitances  are  weighed  to 
afcertain  their  quantity.  The  matter  which  remains 
after  the  feparation  of  the  clay  and  iron  is  generally 
quartzy ;  we  afcertain  its  weight  and  its  nature  by 
fufing  it  with  the  fixed  alkali  by  means  of  a  blow -pipe. 
Such  are  the  moll  accurate  procelfes  recommended  by 
M.  Bergman  to  afcertain  the  unfoluble  refiduurn  of 
waters. 

2.  We  then  take  the  fpirjt  of  wine,  which  has  ferved 
for  the  warning  of  the  dry  refiduurn  of  the  waters :  it  is 
evaporated  to  drynefs.  M.  Bergman  dire&s  treating  it 
with  Ipirit  of  vitriol,  like  the  acetous  folution  mentioned 
above  ;  but  it  is  to  (be  obferved,  that  this  procefs  ferves 
to  afcertain  only  the  bafe  of  thefe  falts.  In  order  to  de- 
termine the  acid  united  with  the  magnefia  or  lime, 
and  fometimes  both,  in  this  rdiduum,  fome  drops  of 
oil  of  vitriol  mutt  be  poured  in,  which  excites  an  ef- 

fervefcence, 


CHEMIST '&  Y. 


"fervefcence,  and  difengages  the  marine  gas,  known  by 
:  its  fmell  and  white  vapour,  when  the  fait  which  we  ex- 
i  amine  is  formed  of  marine  acid.    We  may  like  wife  af- 
i  certain  it  by  diffolving  all  the  refiduum  in  water,  and 
nixing  with  it  a  few  drops  of  the  folution  of  filver. 
Vvrith  regard  to  the  nature  of  the  bafe,  which  is,  as  has 
been  faid,  either  lime  or  magnefia,  or  both,  their  quan- 
tity and  nature  are  likewife  known  by  the  vitriolic  acid, 
as  we  have  alreadv  obferved  on  the  acetous  folution. 
3.  The  ley  of  the  fir  ft  refiduum  of  the  mineral  wa- 
i  ter,  with  eight  times  its  weight  of  cold  diftilled  water, 
i  contains  the  alkaline  neutral  falts ;  fuch  as  Glauber's, 

•  marine,  febrifugal,  mild  fixed  alkali,  mild  foda,  and 
I  Epfom  fait.    Sometimes  alfo  a  fmall  quantity  of  mar- 
tial vitriol  is  found.   Thefe  falts  never  are  altogether  in 

!  the  fame  waters.  Glauber's  falts  and  mild  tartar  are 
found  but  very  rarely  in  the  waters ;  but  marine  fait  is 
frequently  found  with  aerated  foda  :  Epfom  fait  alfo  oc- 
curs very  often,  and  even  in  very  confiderable  quan- 
tity. When  the  firil  warning  of  the  refiduum  of  a  mi- 
neral water  contains  only  one  kind  of  neutral  fait,  it  is 

i  very  eafy  to  obtain  it  by  cryftallifation,  and  to  afcertain 
its  nature  by  its"  form  and  tafte,  the  adion  of  the  fire, 

!  and  likewife  by  the  tells.    But  this  cafe  is  very  rare  ; 

!  and  it  is  much  more  common  that  feveral  falts  are  uni- 

:  ted  in  this  ley.  Their  nature  is  then  to  be  inveftigated 
by  a  flow  evaporation.    Even  this  means  does  not  al- 

i  ways  fucceed  completely,  however  carefully  this  firfl: 

i  ley  is  evaporated  :  each  of  the  falts  mud  be  examined 
afre.'h  which  are  obtained  at  different  times  of  the  eva- 

<  poration.  It  is  for  the  molt  part  the  mild  mineral  al- 
kali, which  is  confufedly  depofited  with  the  marine  or 

:  febrifugal  falts ;  thefe  may  be  feparated  by  a  procefs  of 

•  M.  Giaonetti.  It  confi'fls  in  warning  this  mixed  fait 
with  diftilled  vinegar.  This-  acid  diffolves  the  mild  fo- 
da: the  mixture  is  dried,  and  warned  afrefh  with  fpirit 
of  wine,  which  is  charged  with  the  terra  fqTiata  mine- 
rals, without  touching  the  marine  fait.    The  fpirituous 

folution 
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folution  is  evaporated  to  drynefs,  and  the  rcfiduum  caW 
cined  ;  the  vinegar  is  decompofed  and  burnt :  we  have 
then  no  more  but  the  mineral  alkali,  whofe  quantity  is 
exactly  found. 

4.  The  ley  of  the  firft  refiduum  of  the  mineral  water, 
with  400  or  500  times  its  weight  of  boiling  water,  con- 

m  tains  only  fome  felenite :  of  this  we  are  certain,  by  ma- 
king  ufe  of  the  very  pure  cauftic  volatile  alkali ;  whilft 

■  the  cauftic  fixed  alkali  precipitates  it  in  abundance.  By 
evaporation  to  drynefs,  we  afcertain  the  quantity  of  the 
earthy  fait  which  was  contained  in  the  water. 

§  7.    Of  artificial  Mineral  Waters. 

The  numerous  proceffes  which  we  have  juft  now  de- 
scribed for  the  examination  of  the  refidua  of  the  mine- 
ral waters  after  evaporation,  are  fufficient  to  point  out 
with  the  greateft  precifion  all  the  different  fubftances 
■which  thefe  fluids  contain.    A  ftep  {till  remains  to  be 
made  to  affure  the  fuccefs  of  the  analyfis ;  it  is  to  imi- 
tate nature  by  fynthefis,  and  by  diffolving  in  pure  water 
the  different  fubftances  extra&ed  by  analyfis  from  a 
mineral  water.    If  the  artificial  mineral  water  has  the 
fame  tafte  and  weight,  and  exhibits  with  the  tefts  the 
fame  phenomena  with  the  analyfed  mineral  water,  it  i 
the  moft  complete  and  certain  proof  of  the  perfection  0 
the  analyfis.    This  combination  has  alfo  the  advantag 
of  forming,  at  all  times,  in  all  places,  and  with  final 
expence,  medicines  as  ufeful  for  the  cure  of  difeafes  as 
the  natural  waters,  whofe  conveyance,  and  many  other 
circumftances,  may  tend  confiderably  to  alter  their  pro- 
perties. 

The  mod  celebrated  chemifts  think,  that  it  is  pofiible 
to  imitate  natural  mineral  waters.  M.  Macquer  has  ob- 
ferved,  that,  fince  the  difcovery  of  fixed  air  or  aerial 
acid,  and  of  its  property  of  rendering  many  fubftances 
foluble  in  water,  it  is  much  eafier  to  prepare  artificial 
mineral  voters.  M.  Bergman  has  taught  us  the  way  of 
compofing  waters  perfectly  to  imitate  thofe  of  Spa,  Seltz, 

Pyrmont, 
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Pyrmont,  &c.  He  has  told  us,  that  they  are  very  fuc- 
cefsfully  employed  in  Swedjn.  M.  Duchanoy  has  pub- 
lifhed  a  work,  in  which  he  has  given  a  fet  of  procefles 
to  imitate  all  the  mineral  waters  employed  in  medicine. 
There  is,  then,  all  room  to  hope,  that  chemiftry  may 
Ihe  of  important  fervice  to  the  healing  art,  by  fur- 
nifhing  it  with  precious  medicines,  whofe  activity  it 
may  at  pleafure  diminifli  or  augment  *. 

*  A9  the  Spa,  Pyrmont,  and  Seltzer  waters  are  much  ufed  in 
medicine,  I  have  added  the  accurate  analyfu  of  them  given  by 
M.  Bergman,  in  his  excellent  treatife  upon  the  fubjeft  of  medicinal 
waters.  According  to  this  analyfis,  the  Swedifh  cantharu9,  a  mea- 
furc  which  contains  ioo  geometrical  cubic  inches,  yielded  the  fol- 
lowing refult : 

Seltzer  water.         Grains.  Spa  water.  Grains. 

Aerated  calcareous  earth,      17      Aerated  iron,        '        m  3i 


magnefia,  29^  calcareous  earth,  8i 

  magnefia, 

Cryftallifed  mineral  all 
Common  marine  fait, 


Crytlallifed  mineral  alkali,     24    magnefia,       -  20 

Common  marine  fait,  109^    Cryftallifed  mineral  alkali,  8i 
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Pynnont  water. 
Aerated  iron, 

 .  calcareous  earth, 

Vitriolated  calcareous  earth) 
Aerated  magnefia, 
Vitriolated  magnefia, 
Common  marine  fait, 


Artificial  waters  may  be  made  to  imitate  the  natural  waters  ia 
every  ufeful  quality.  The  firtl  part  of  the  procefs  is,  to  impregnate 
the  water  with  a  fufficient  quantity  of  aerial  acid,  and  then  to  add 
the  other  ingredients  in  their  refpeftivc  proportions.  When  thofe 
artificial  waters  are  prepared  with  proper  attention  to  the"  proportion 
of  the  materials,  they  prove  excellent  fubllitutes  for  the  natural  ones. 
However,  we  mutt  be  cautious  to  employ  falts  purified  by  cryltalli- 
fauon  from  any  foreign  matter  ;  and  to  ufe  iron  in  the  moft  metal- 
lic (late,  as  the  fmalletl  tendency  to  ruft  readers  u  no  longer  foluble 
by  means  of  the  aerial  acid. 
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LECTURE  XLIV. 

Vegetable  Kingdom. 
Struclure  and  Functions  of  Vegetables. 

Vegetables  are  organifed  fubftances,  which  are' 
confined  to  the  furrace  of  the  earth,  without  ei- 
»  ther  motion  or  fenfibility.    They  are  diftinguifhed  by 
their  appearance  and  conformation.    They  differ  from  ' 
minerals ;  becaufe  they  are  nourished  by  intuffufceptior!, 
and  becaufe  they  prepare  the  juices  which  are  deftined 
>for  the  increafe  of  their  bulk.    The  phenomena  they 
exhibit,  depending  upon  their  organifation,  are  called 
funttions  ;  the  principal  is,  their  reproduction  by  means  i 
of  feeds  or  eggs  like  animals. 

Vegetables  differ  from  one  another,  i.  In  fize:  They 
are  diftinguifhed  into  trees,  fhrubs,  herbs,  moffes,  &c. 
2.  In  the  place  where  they  g.-ow  :  Some  gr'ow  in  dry 
grounds,  others  in  a  humid  foil ;  fome  in  lands,  clays, 
waters,  upon  the  furface  of  Hones,  or  upon  other  vege- 
tables. 3.  In  the  fmell,  tafte,  colour.  4.  In  their  du- 
ration :  plants  live,  are  annual,  biennial,  &c.  4.  In 
their  ufe :  they  are  employed  as  aliments  or  as  medi- 
cines. A  great  number  are  employed  in  the  arts, 
dyeing,  &c«  j  others  ferve  for  the  ornaments  of  gar- 
dens, &c. 

§  I.    Structure  of  Vegetables  ;  Botanic  Philofophy. 

Vegetables,  confidered  externally,  are  formed  of 
fix  parts  or  organs,  deftined  for  particular  functions : 
thefe  parts  are,  the  root,  the  ftem,  the  leaf,  the  flower, 
the  fruit,  and  the  feed  ;  each  of  thefe  differ  in  their  form, 
texture,  fize,  number,  colour,  hardnefs,  and  tafte. 

1 .  The  root  is  concealed  in  earth,  water,  or  in  the 
bark  of  other  vegetables.  It  is  either  tuberous,  fibrous, 
or  bulbous.  It  either  hangs,  as  if  on  a  pivot,  or  its  di- 
rection is  winding. 

2.  The  ftem,  part  of  the  root,  and  fupporting  the 
other  parts :  it  is  either  folid  or  hollow,  woody  or  her- 
baceous j 
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bnceous ;  round,  fquare,  triangular,  or  with  two  very 
acute  angles.  The  ftem  comprehends  the  wood  and 
the  bark.  The  wood  is  diftinguifhed  into  wood  pro- 
perly fo  called,  and  into  pulp :  the  bark  is  formed  of 
the  epidermis,  of  a  veficular  texture  and  cortical  layers. 
Ihe  item  is  divided  into  branches. 

3.  The  leaves  are  very  variable  in  vegetables;  a,  in 
form  ;  they  are  oval,  round,  lineal,  fagittated,  lanceo- 
lated,  &c. :  b,  in  pofition  upon  the  ftem  ;  being  feffile, 
petiolated^  oppofite,  alternate,  vertical,  perfoliated,  va- 
ginal, &c. :  c,  in  their  margin ;  being  entire,  den- 
tated,  crenated,  ferrated,  plaited,  undulated,  lacini* 
ated  :  d,  in  their  fiiiipl'idty  or  compofition  :  the  com- 
pound leaves  are  made  up  of  fmall  ones  ;  then  they 
are  either  palmated  or  pinnated,  cum  vel  fine  imparl : 

in  place;  they  are  radical,  caulinary,  or  floral :  /,  in 
colour,  fmell,  tafte,  confidence,  &c.  Their  ufe  appears 
to  be,  from  M.  Ingenhouz's  experiments,  to  abforb  the 
phlogilticated  air  by  their  inferior  furface,  and  to  emit 
dephlogifticated  air  by  the  fuperior,  when  they  are  ex- 
pofed  to  the  fun.  By  this  means  the  atmofphere  is  re- 
newed. 

•  4.  The  flowers  are  parts  deftined  to  contain  the  or- 
gans of  generation,  and  to  defend  them  till  parturi- 
tion be  accomplifhed  ;  then  they  fall.  In  the  flower 
two  parts  are  diitinguilhed.  The  external  parts  are  de- 
ftined to  envelope  and  to  protect  the  internal,  whofe  ufc 
is  to  reproduce  the  plant.  The  former  comprehend  the 
calyx  and  corolla ;  the  calyx  is  external  and  green.  Lin- 
nseus  diftinguifhes  feven  kinds  of  it ;  to  wit,  the  perian- 
thium,thefpatha,the  ball,  the  covering, ftrobilus, pappus, 
drupa.  The  corolla  is  what  every  body  calls  the  flower  or 
the  coloured  part :  it  is  of  one  piece  ;  and  monopetal,  or 
offeveral  pieces,  and  polypetal.  Upon  the  corolla  Tour- 
nefort  founded  his  fyftem.  The  pieces  of  the  corolla 
are  called  -petals.  The  organs,  contained,  and  frequent- 
ly hid,  in  the  corolla,  are  the  ftamina  and  piftils.  The 
{lamina  are- the  male  or  generating  parts ;  they  are  al- 
Vol.  II.  P  moft 
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mod  always  more  numerous  than  the  piftils.  They  are- 
formed  of  a  filament  and  anthera.  This  Jaft,  placed  at 
the  extremity,  is  a  fmall  purfe,  full  of  a  generating 
powder:  the  piftil  is  in  the  middle  of  the  ftamina ; 
fometimes  it  is  in  one  flower,  and  fometimes  in  an- 
other. On  this  account,  fome  plants  have  been  diftin- 
•  guilhed  into  male  and  female.  The  piftil  is  formed  of 
three  parts :  the  inferior  part  or  ovarium,  which  con- 
tains the  embryo,  called  in  Latin  germen;  the  fila- 
ment, which  is  on  the  top  of  the  ovarium  or  ftile ; 
and  its  extremity  more  or  lei's  dilated,  called  ftigma.  Lin- 
riseus,  upon  the  number  and  refpective  pofition  of  the 
ftamina  and  piftils,  has  founded  his  fexual  fyftem.  M.  de 
Juffieu  has  eftablifhed  a  fyftem  from  the  infertion  of  the 
ftamina  being  either  above  or  below  the  germen. 

5.  The  fruit  fucceeds  the  flowers.'  Botanifts  diftin- 
guifh  feven  kinds  of  fruits ;  the  capfule,  the  filiqua,  le- 
gumen,  the  ftrobilus,  which  are  dry;  the  drupa,  the 
pomum,  and  bacca,  which  are  fucculent. 

6.  The  feed  differs  greatly  in  form,  appendices.  It 
comprehends  the  corculum  or  little  plant,  the  radicle,, 
and  the  lobes. 

Vegetables,  confidered  internally,  prefent  five  kinds 
of  veffeis  or  organs,  which  are  found  in  all  their  parts, 
i.  The  common  veflfcls,  deftined  for  carrying  the 
fap.  They  are  placed  in  the  heart  of  plants  and  trees : 
they  rife  perpendicularly  ;  but  they  twift  fo  as  to  form 
little  holes  or  divifions.  2.  The  proper  veffeis,  which 
convey  the  proper  juices ;  the  oily,  the  gummy,  the  re- 
fmous  juices.  They  lie  under  the  bark:  frequently 
they  dilate  into  cavities  or  refervpirs :  they  feem  to  be 
the  excretory  canals,  g.  The  veffeis  for  circulating 
the  air  which  they  receive  from  the  atmofphere.  Upon 
cutting  a  .young  green  branch,  we  perceive  that  they 
are  fpiral,  and  refemble  worms.  They  are  frequently 
found  filled  with  lap.  4.  The  utricules,  formed  of 
facs,  which  contain  the  pith,  and  frequently  a  colour- 
ed part :  they  are  placed  in  the  middle  of  the  Hems. 
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5.  The  veficular  texture,  exhibiting  a  fet  of  fmall  cells, 
which  are  detached  in  a  horizontal  direction  from  the 
pith,  and  which  patting  through  the  fap-veffels,  the  ca- 
vities of  which  they  fill,  fpread  out  below  the  epidermis, 
at  d  form  a  net-work,  fluffed  up,  fimilar  to  the  {kin  of 
animals.  The  velicular  texture  of  vegetables  feems  to 
correfpond  with  the  cellular  texture  of  animals. 

§  2.  Fundions  of  Vegetables  ;  Vegetable  Thy fiology. 

All  the  organs  of  vegetables,  of  which  we  have  jufl 
now  given  a  Ihort  defcription,  are  deftineJ  to  execute 
different  motions,  called  fun&iom,  Thefe  functions  are, 

1.  The  motion  of  the  fluids,  or  a  kind  of  circulation : 

2.  The  alterations  or  changes  of  thefe  fluids,  which  in- 
dicate a  fecretion  :  3.  The  increafe  and  evolution  of  the 
vegetable,  which  {hows  a  nutrition  :  4.  The  exhalation 
of  different  fluids  elaborated  in  the  different  organs  ;  and 
the  inhalation  of  feveral  principles  contained  in  the  at- 
mofphere,  by  means  of  the  fame  organs  :  5.  The  action 
of  the  air,  and  the  ufe  of  this  fluid  in  the  veflels  of  ve- 
getables :  6.  The  motion  made  by  fome  of  their  parts : 

7.  The  kind  of  fenfibility  by  which  they  know  the  con- 
tact of  bodies  that  are  ufeful  to  them,  the  light,  &c. : 

8.  The  different  phenomena  which  ferve  for  the  repro- 
duction of  fpecies,  and  which  conftitute  the  generation 
of  plants. 

Let  us  run  over  each  of  thefe  functions  in  particular. 

The  principal  fluid  of  vegetables,  known  by  the  name 
of  fap,  is  contained  in  particular  canals,  which  are  call- 
ed common  vejfels.  Thefe  veflels,  placed  in  the  middle 
of  the  ftems,  and  below  the  bark,  are  continued  and 
prolonged  from  the  root  to  the  leaves  and  to  the  flowers. 
The  fap  which  they  convey  is  a  colourlefs  fluid,  more 
or  lefs  flat  to  the  tafte,  ferves  the  fame  purpofe  with  the 
blood  of  animals,  of  being  converted  into  different 
juices  for  the  nouriffiment  and  fupport  of  the  different 
organs.  In  the  fpring  it  is  very  copious ;  and  its  mo- 
tion then  appears  from  the  evolution  of  the  leaves  and 
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flowers.  By  ligature,  as  well  as  by  all  the  phenomena? 
of  vegetation,  it  appears  demonftrated,  that  it  mounts 
from  the  root  to  the  (terns  and  the  branches.  We  do 
not  know  if  it  defcends  again  towards  the  root,  as  fome 
philofophers  have  imagined.  The  valves,  admitted  in 
the  common  vsffels  by  feveral  botanifts,  have  not  been 
demonftrated,  unlefs  they  choofe  to  give  this  name  to 
feveral  filaments  or  hairs  with  which  their  internal  fide 
feemed  ftuck  full  to  Tournefort  and  M.Duhamel.  This 
irregular  motion  widely  differs  from  the  circulation  of 
animals. 

The  fap,  conveyed  in  the  utricules  or  proper  veffels, 
is  elaborated  in  a  particular  manner.  It  gives  rife  to  dif- 
ferent faccharine,  oily,  mucilaginous  fluids,  which  if- 
fue  out  by  an  organic  excretion,  and  whofe  evacuation 
feems  to  be  of  advantage  to  the  vegetable,  fince  it  does 
not  fuffer  from  the  great  lofs  which  is  thus  frequently 
occafioned.  This  alteration  of  the  fluids,  which  is  ob- 
ferved  even  in  a  remarkable  degree  in  feveral  organs, 
as  in  the  nectarines  at  the  extremity  of  the  piftil,  in  the 
pulp  of  the  fruits,  at  the  bafe  of  the  calices,  and  of 
feveral  leaves,  correfponds  exactly  with  the  function 
which  in  animals  goes  by  the  name  of fecretion.  M.  Gue- 
tard  has  pufhed  the  analogy  fo  far,  as  to  defcribe  glands 
of  feveral  different  forms  at  the  bafe  of  the  leaves  of 
fruit-trees,  and  towards  the  extremity  of  the  petals  of' 
certain  flowers.  It  is  this  fecretion  which  evolves  the 
odorous  principle,  the  colouring  matter,  the  combuftible 
fubftance :  but  it  differs  from  the  animal  fecretion  in  this, 
that  this  latter  function  entirely  depends  upon  the  or- 
ganifation  of  the  glands,  which  elaborate  the  animal 
juices ;  whereas,  in  vegetables,  the  juices  conveyed  by 
the  common  veffels  are  more  expofed  to  the  contact:  of 
the  air,  of  the  light,  and  to  the  action  of  heat ;  and 
that  their  nature  renders  them  fufceptible  of  undergo- 
ing by  the  action  of  thefe  agents  the  motions  of  fermen- 
tation, which  alone  are  capable  of  producing  alteration 
upon  them. 
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The  fap,  by  its  remaining  in  the  cavities  of  the 
-utricles  and  of  the  cellular  texture,  thickens,  and  puts 
on  a  greater  or  lefs  confidence.  This  alteration  renders 
it  fufceptible  of  adhering  to  the  fides  of  the  fibres,  and 
o  gradually  increafing  their  dimenfions.  Such  is  the 
mtchanifm  of  the  nutrition  of  vegetables,  of  their 
growth,  and  of  the  evolution  of  all  their  parts.  It  has 
a  great  refemblance  to  the  nutrition  of  animals.  The 
veficular  texture  and  the  utricles  have  the  fame  ftruc- 
ture  and  the  fame  ufes  in  thefe  two  claffes  of  organic 
fubftances.  They  like  wife  penetrate  all  their  organs  .9 
they  eftablifh  betwixt  them  an  immediate  communica- 
tion  j  and  both  are  the  real  foundation  of  nutrition. 

It  is  a  long  time  fince  botanifts  were  convinced  of  ex- 
halations from  the  furface  of  plants  which  fpread  in  the 
air.  The  odorous  fpirit  of  the  leaves  and  of  the  flowers 
forms  round  vegetables  an  atmofphere,  which  is  fen- 
•iible  to  our  organs,  and  which  the  contact  of  a  burning 
body  is  fometimes  capable  of  inflaming ;  as  is  the  cafe 
with  the  fraxinella.  This  exhalation  feems  to  be  an  in- 
flammable gas  of  a  particular  nature.  Unhappy  expe- 
rience has  even  taught  us,  that  feveral  vegetables  emit 
vapours  mortal  to  animals  which  are  expofed  to  their 
action.  Of  this  kind  are  the  walnut  and  yew  trees,  and 
feveral  others  of  the  hot  countries.  M.  Ingenhouz,  iti 
his  experiments,  found,  that  the  leaves  of  all  plants,  ex- 
pofed to  the  fun  and  to  the  light,  mix  with  the  atmo- 
fphere an  invifible  fluid,  an  air  fnnilar  to  that  procured 
from  the  calces  of  mercurv,  and  improperly  called  de- 
pbhgifticated  air.  Darknets  entirely  changes  this  pro- 
perty of  the  leaves,  which  then  give  only  fixed  air  when 
they  are  deprived  'of  the  contact  of  the  light.  This 
beautitul  difcovery,  firit  announced  by  Dr  Prieflley, 
demonftrates  a  new  property  in  vegetables,  of  purifying 
the  air  by  communicating  to  it  this  portion  of  vivifying 
fluid,  continually  deltroyed  and  ablbrbed  by  combu- 
ftion  and  refpiration.  But  if  vegetables  continually 
emit  vapoury  fluids,  which  are  only  the  laft  labour  0/ 
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vegetation,  they  likewife  have  the  property  of  abforb- 
ing  feveral  principles  contained  in  the  atmofphere.  The 
inferior  fide  of  the  leaves  abforbs  the  humidity  of  the 
dew,  according  to  M.  Bonnet's  experiments.  Prieft- 
ley's  experiments  have  demondrated,  that  vegetables 
abforb  the  gafeous  refidua  of  combuftion  and  refpira- 
tion,  fince  vegetation  becomes  more  rapid  and  flrong  in 
air  altered  by  thefe  two  phenomena.  Exhalation  and 
inhalation,  then,  are  much  more  extenfive  in  the  vege- 
table  kingdom  than  was  imagined  before  the  modern 
difcoverics. 

The  gafes  abforbed  by  vegetables,  are  conveyed  in- 
to all  their  organs  by  means  of  velfels  called  airveflels  ; 1 
which  in  their  ufe  and  ftructure  approach  to  thofe  of  in- 1 
feels  and  worms.    They  enter  the  compofition  of  the 
fluids  as  the  air  appears  to  do  in  the  lungs  of  moft  ani- 
mals ;  perhaps  they  contribute  in  a  great  meafure  to  \ 
form  the  proper  and  effential  falts  of  vegetables,  thefe 
fubftances  containing,  as  is  well  known,  a  great  quan- 
tity of  air.    However,  the  air-veffels  are  not  folely  de- 
flined  to  contain  this  fluid  ;  they  are  found  filled  with, 
fap  in  the  feafons  when  this  humour  is  very. abundant ; 
which  makes  them  widely  differ  from  the  organs  of  re* 
fpi ration,  fo  effential  and  fo  conftant  in  a  great  number 
of  animals. 

It  cannot  be  doubted,  but  that  feveral  parts  of  vege-? 
tables  poffefs  motion.  In  fome  it  is  fo  great,  that  if,  is 
fenfible  to  the  eye.  Such  are  the  motions  of  the  fenfi- 
tive  plant,  of  the  {lamina  of  the  opuntia,  of  the  parie- 
taria,  &.c.  This  motion  feerns  to  rcfemble  the  func- 
tion called  in  animals  irritability,  being  occafioned 
by  the  action  of  a  ftimulus,  and  having  particular  or-, 
gans,  that  fome  botanilts  have  compared  to  mufcu- 
lar  fibres'.  Upon  this  force  alfo,  does  not  the  con- 
traction of  the  woody  fibres,  occafioned  by  the  action  . 
of  fire,  depend?  If  thaf  were  the  cafe,  as  M.  Bucquet 
thought,  irritability  would  be  much  longer  inherent 
and  durable  in  vegetables  than  it  is  in  animals ;  fince 
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5Vood,  however  ancient  it  be,  (till  exhibits  this  phe- 
nomenon in  a  remarkable  degree. 

Can  \va  refufe  likewiie  a  fort  of  fenfibility  to  plants, 
when  we  fee  them  turn  their  leaves  and  flowers  to  the 
fui  •?  when  we  obferve  that,  when  fhut  up  in  woody 
cafes,  glazed,  perforated,  or  limply,  thinner  in  one 
part  than  in  another,  they  confrantly  tend  towards  the 
tranfparent  body,  or  to  the  opening  which  admits  the 
light  to  pafs,  or  even  to  the  fide  which  is  the  mod  pene- 
trable by  this  fluid,  by  its  fmall  degree  of  thicknefs  ?  or 
rather,  ought  not  this  degree  of  fenfibility  to  be  confi- 
dered  as  the  effect  of  the  force  of  affinity  of  the  ten- 
dency to  combination  fubfifting  between  vegetables  and 
the  light  ?  •  It  is  fully  demonstrated,  that  this  fluid 
evolves  in  plants.,  either  by  percuffion  or  by  combina- 
tion, their  colour,  tafte,  and  combustible  property  ; 
fince  plants  raifed  in  darknefs  are  white,  insipid,  aque- 
ous, and  contain  nothing  inflammable  \  whilst  vege- 
tables, expofed  in  hot  climates,  in  the  middle  of  the  , 
day,  to  the  fun's  rays,  acquire  a  considerable  colour, 
and  are  charged  with  bitter  and  refinous  parts,  and  are 
Angularly  combuftible.  However  ftrong  we  may  fup- 
pofe  this  affinity,  we  cannot  conceive  how  it  fhould  be 
capable  of  exciting  fo  great  a  motion  in  the  branches 
and  in  the  leaVes  of  vegetables.  It  is  then  necefiary  to 
admit  of  a  particular  fenfation  ;  a  feeling,  it  is  true, 
very  different  from  that  of  animals,  by  which  vege- 
tables are  difpofed  to  choofe  the  rnoft  bright  places,  or 
thofe  through  which  the  light  has  the  freeft  acce/s. 

The  means  which  nature  employs  to  reproduce  the 
fpecies  in  vegetables,  have  great  affinity  to  thofe  which 
{he  makes  ufe  of  for  the  production  of  animals.  The 
fexes,  and  their  reunion,  are  requifite  in  the  rnoft  of 
plants.  From  the  works  of  the  celebrated  Linnseus,  it 
is  found,  that  a  remarkable  analogy  fubfrfts  between 
the  organs  deflined  to  this  function,  in  thefe  two  claffes 
of  organic  fubftances.  The  ftamina  anfwer  to  thofe  of 
the  male,  and  the  piitil  is  compofed  of  three  parts,  ana- 
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logous  to  the  genital  parts  of  Female  animals.  M.  De- 
cemet,  phyfician  of' the  faculty  of  Paris,  has  alfo  ima- 
gined, that  he  difcovered  a  (hiking  refemblance  in  the 
external  form  of  the  parts  of  generation  of  the  apocy- 
num  and  other  vegetables,  and  that  of  animals.  The 
embryo  is  evolved  by  the  attion  of  the  generating  pow- 
er; without  which  it  is  impoflible  to  produce  a  new 
individual,  as  is  every  day  obferved  with  regard  to 
birds.  But  without  this  analogy,  which  it  would  be 
ufelefs  to  profecute  farther,  vegetables  being  of  a  much 
more  fimple  ftrutture  than  animals,  and  all  their  parts 
being  compofed  of  the  fame  organs,  each  of  them  is 
capable  of  producing  a  new  individual  fimilar  to  itfelf. 
This  is  the  reafon  of  the  reproduction  of  plants  by 
means  of  fuckers,  buds,  flips,  layers,  and  likewifeof  the 
alteration  of  the  fluids  by  the  operation  of  grafting,  ei- 
ther natural  or  artificial.  There  is  (till  a  new  analogy 
between  vegetables  and  this  clafs  of  animals,  which  are 
produced  by  flips  ;  as  the  polyps,  crultaceous  infects, 
fome  worms,  &c. 

All  the  fun£tions  of  vegetables,  the  whole  of  which 
give  rile  to  great  relations  between  them  and  animals, 
are  fufceptible  of  alterations  which  produce  difeafes. 
Thefe  difeafes,  which  depend  moft  commonly  either 
upon  the  abundance  or  defect  of  the  !ap,  as  well  as 
upon  its  bad  qualities,  are  very  analogous  to  thofe  of 
animals  :  their  caufes,  their  fymptoms,  their  cure,  de- 
pend absolutely  upon  the  great  principles  of  medicine, 
and  form  a  part  of  agriculture,  little  advanced,  it  is 
true,  but  fufceptible  of  great  progrefs,  when  it  (hall  be 
profecuted  upon  the  plan  laid  down  by  fome  famous 
writers  on  husbandry  ;  at  the  head  of  whom  may  be 
placed  Meffrs  Duhamel  and  the  Abbe  Tefficr.  The 
latter  has  thrown  great  light  upon  the  difeafes  of  grains, 
jn  his  Obfervations  defcribed  in  the  volumes  or  the 
Koyal  Society  of  Medicine,  and  depofited  in  part  in 
the  Koyal  Academy  of  Sciences, 
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LECTURE  XLV. 

Of  Vegetable  Juices. 

rTp  H  E  humours  of  vegetables  are  of  two  claffes ; 

,  .  the  common  and  proper  juices.  The  firft  con- 
ftTtute  the  fap,  which  is  found  in  all  plants.  This  fluid 
feems  to  fupply  the  function  of  blood  in  vegetables.  It 
is  contained  in  the  common  veffels :  it  flows  naturally 
from  their  furface  ;  but  a  greater  quantity  is  got  by 
incifion.  The  fap  is  not  an  aqueous  fluid  ;  it  contains 
falts,  extracts,  and  mucilages.  When  a  certain  quan- 
tity is  wanted  for  the  examination  of  its  properties,  or 
for  medicinal  ufe,  the  plant  is  bruifed  in  a  mortar,  and 
ftrained  through  a  linen  rag  :  if,  in  this  way,  the  plant 
does  not  give  out  its  juice  eafily,  we  fubmit  it  to  the 
pre  is. 

The  fucculent  vegetables  furnifh  their  juice  by  Ample 
expreflion  :  thofe  whofe  juice  is  vifcous  or  lefs  abun- 
dant, require  dilution  with  water  ;  fuch  are  borage 
and  the  dry  aromatic  plants.  This  juice  being  extrac- 
ted by  a  ftrong  expreflion,  contains  a  portion  of  the 
folids  of  the  vegetables  which  have  been  bruifed  by  the 
peftle  :  it  mud  therefore  be  purified.  The  purification 
of  the  juices  is  effected,  I.  By  fimple  repofe,  when  they 
are  very  fluid,  as  thofe  of  purflane  and  Barbajovis.  2.  By 
the  white  of  an  egg,  which  collects  the  feculent  parts  by 
means  of  coagulation,  as  is  done  to  thofe  of  borage, 
nettles,  &c.  3.  By  fimple  heat,  which  coagulates  and 
precipitates  the  filamentous  parts,  as  M.  Baume  directs 
in  the  treatment  of  juices  containing  volatile  principles; 
fuch  as  thofe  of  the  cochlearia,  crefles,  &c.  The  phial 
containing  the  juice  is  plunged  into  boiling  water,  being 
flopped  up  with  a  perforated  piece  of  paper  :  the  juice, 
when  it  becomes  clear,  is  drawn  off*;  then  it  is  mimer- 
fcd  into  cold  water,  and  filtrated.  4.  By  fimple  fil- 
tration for  thofe  which  are  very  fluid.  5.  By  the  addi- 
tion of  fpiritof  wine,  which  coagulates  the  feculent  parts. 
6.  By  the  vegetable  acids,  as  prefcribcd  by  the  Lon- 
don 
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don  pharmacopoeia,  for  the  juices  of  the  cruciform 
plants. 

Of  Extraas. 

The  juices  of  plants  hold,  in  folution,  fubflances 
which,  when  feparated  from  the  aqueous  vehicle,  form 
kinds  of  extracts.  Thefe  fubftances  are  diftinguifhed 
into  three  fpecies  ;  the  mucous  extracts,  the  foapy, 
and  the  extracto-refinous.  The  name  of  mucous  ex- 
tracts is  given  to  thofe  which  eafily  diftolve  in  water, 
very  fparingly  in  fpirit  of  wine,  and  which  pafs  to  the 
fpirituous  fermentation  ;  fuch  is  the  rob  of  goofeberries, 
which  is  prepared  by  evaporating  the  juice  of  this  fruit. 
The  foapy  extracts  are  characterised  by  their  difTolubi- 
lity  in  water,  and  partly  in  fpirit  of  wine,  and  by  their 
difpofition  to  grow  mouldy,  rather  than  to  pafs  to  the 
fpiritous  fermentation.  The  thickened  juice  of  borage 
is  an  extract  of  this  nature.  Thefe  are  the  extracts 
properly  fo  called.  The  extracto-refinous  diffblve  in 
water  and  in  ardent  fpirits :  they  are  inflammable,  be- 
caufe  they  contain  an  oily  principle  ;  and  they  are  al- 
tered in  no  way  by  the  air.  The  infpifTated .juice  of 
the  wild  cucumber,  called  elateriwn^  is  of  this  kind. 
Incifions  are  made  in  the  root  of  this  plant ;  it  is  ex- 
preffed  ;  the  juice  is  allowed  to  clarify  itfelf,  and  then 
evaporated  in  a  balneum  marias  to  drynefs. 

In  commerce,  extracts  of  thefe  three  different  kinds 
are  prepared,  by  evaporating  the  juice  of  feveral  plants-: 
fuch,  among  others,  are, 

a,  The  juice  of  acacia,  brought  from  Egypt,  by  {ha- 
ving the  fruit  of  this  tree,  exprdling  its  juice,  and  eva- 
porating if  by  the  heat  of  the  fun:  the  juice  of  the 
German  acacia  is  prepared  with  the  juice  of  prunes  by 
a  fimilar  procefs. 

by  That  of  hypociftis,  which  is  made  like  the  pre- 
ceding, with  the  fruits  of  this  parafite  plant. 

c,  Opium,  a  very  important  medicine,  who fe  nature 
ought  to  be  completely  known.    It  is  extracted  from 

2  the 


CHEMISTRY., 


227 


the  white  poppy  in  Perfia.  There  flows  through  inri- 
fions  which  are  made  in  the  green  capfules,  a  white 
juice,  which  is  dried  into  brown  tears :  that  is  the  true 
op;um.  That  in  commerce  is  formed  by  preffing  thefe 
ca^Tules  after  they  are  moiftened  with  warer  :  the  juice 
is  dried,  and  fent  away  in  flattened  circular  loaves,  co- 
vered with  leaves,  and  mixed  with  many  impurities. 
In  order  to  purify  it,  it  is  diflblved  in  the  fmalleft  pof- 
fible  quantity  of  water  by  means  of  heat ;  the  liquor 
is  ftrongly  expreffed,  and  evaporated  in  a  balneum  ma- 
fias. This  is  the  extract  of  opium.  This  fubftance 
contains  a  refin,  a  folid  effential  oil,  an  odorous  prin- 
ciple, poifonous  and  narcotic,  an  effential  fait,  and  a 
foapy  extract.  As  the  odorous,  poifonous,  and  narco- 
tic part,  is  frequently  naufeous,  the  method  of  having 
the  extract  of  opium  free  of  it  has  been  fought  for. 
M.  Baume,  who  has  ftri&Iy  examined  this  medicine, 
volatilifed  this  principle  at  the  fame  time  with  the  effen- 
tial oil,  and  feparated  likewife  the  refin  by  a  digeftion 
of  fix  months.  M.  Bucquet  difcovered,  that  this  fame 
extract  may  be  obtained,  calming  and  not  narcotic,  by 
diffolving  the  opium  in  cold  water,  and  evaporating 
the  folution  in  a  balneum  marias.  Our  knowledge  of 
the  principles  of  opium  goes  no  farther.  M.  Lorry  has 
made  fome  very  excellent  experiments  upon  the  fub- 
ject  :  he  found  that  opium  fermented,  gave  by  diftilla- 
tion  a  calming,  not  poifonous,  water,  which  he  em- 
ployed with  much  fuccefs.  He  obferves,  that  the  odo- 
rous principle  of  this  medicine  cannot  be  deltroyed  by 
any  means. 

When  the  plants,  whofe  extracts  we  want,  are  dry 
and  woody,  we  employ,  in  order  to  get  their  principle, 
maceration  in  water,  infufion,  or  decoction,  according 
to  the  ftate  of  the  fubftances;  maceration  often  fuffices. 
Decoction  extracts  too  much  fubftance,  and  feparates 
the  refinous  part :  it  forms  a  very  impregnated  thick 
fluid,  frequently  loathfome.    Infufion  may  fuffice  in  all 
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cafes :  this  is  the  opinion  of  the  mofl  celebrated  che- 
riiifts  and  phyficians. 

Extracts,  differing  from  one  another,  are  extracted 
by  means  of  water,  as  thofe  which  the  thickened  jui- 
ces yield.  Thus  juniper-berries  yield  with  water  a  mu- 
cous extract;  Peruvian  bark  a  foapy  one,  which  is  ob- 
tained in  fmall  tranfparent  and  as  if  faline  fcales,  if  the 
Folution  is  evaporated  in  very  flat  veffels ;  from  rhubarb 
an  extracto-refinous  fubflance  is  obtained 

In  commerce,  alfo,  extracts  are  prepared  in  great 
quantity  by  means  of  water  :  fuch  as, 

«,  The  juice  of  liquorice  root,  yellow  by  the  firffc 
infufion,  and  black  by  the  flrong  decoction. 

The  terra  Japonica,  which  is  extracted  from  the 
infufion  of  the  feeds  of  a  kind  of  palm  :  the  infufion  is 
cvaporaed,  and  the  refiduum  is  formed  into  flattened 
cakes.  The  terra  Japonica  in  laboratories  is  purified 
by  folution  and  evaporation. 

From  thefe  confiderations,  it  is  eafy  to  conceive,  that 
the  name  of  extract  is  given  in  general  to  all  Jubilances 
.  foluble  in  water,  and  feparated  from  this  fluid  by  eva- 
poration. However,  as  fome  eminent  chemifts,  and 
particularly  M.  Rouelle  fenior,  gave  this  name  to  a 
particular  fubflance,  which  he  confidered  as  one  of  the 
ultimate  principles  of  vegetables,  it  becomes  a  matter 
of  importance  to  fix  our  ideas  on  this  fubject.  There 
are  only  the  foapy  and  extracto-refinous  extracts,  which 
properly  deferve  the  name  of  extract.  M.  llouelle  diftin- 
guifhed  this  laft  into  extracto-refinous  and  refino-ex- 
tractive.  The  extracto-refinous  burns  only  after  it  has 
been  dried :  it  feems  to  contain  more  extract,  properly 
fo  called,  than  refin.  The  refino-extractive  burns  much 
better  than  the  former  :  it  feems  to  contain  more  refin 
than  extractive  fubflance.  This  clear  diftinction  proves, 
that  thefe  two  kinds  are  only  mixtures  of  extracts  in  a 
different  dofe  with  a  refinous  principle.  There  are 
therefore  no  more  extracts,  properly  fo  called:  and  this 
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name  fiiould  peculiarly  belong  to  the  foapy  matter.  On 
this  account,  it  is  the  properties  of  this  fubftance  which 
we  mud  examine. 

Pure  extract,  taken  in  the  fenfe  of  M.  Rouelle,  is 
auy  folid  fubftance,  coloured  brown,  or  of  a  dirty 
green,  which  does  not  burn  by  itfelf,  which  emits  much 
fmoke,  and  in  which  is  formed  a  greater  or  iefs  quan- 
tity of  eflential  fait.  Its  tafle  is  aimoft  always  bitter. 
It  yields  in  diftillation  an  infipid  phlegm :  with  a  gentle 
fire  this  phlegm  gradually  becomes  coloured  and  acid, 
according  to  M.  Rouelle  :  for  the  mod:  part,  however, 
this  phlegm  is  alkaline,  as  is  obferved  in  the  Peru- 
vian bark,  the  extract  of  borage.  This  volatile  al- 
kali is  formed  by  the  heat ;  then  fome  empyreuma- 
tic  oil  paries  over  :  the  charcoal  is  light,  contains  fome 
alkali,  and  almoft  always  fome  neutral  falts.  The  ex- 
tract, when  expofed  to  the  air,  becomes  mouldy,  dries, 
or  attracts  the  air's  humidity,  according  to  the  nature 
of  the  falts  which  it  contains.  Thefe  falts  cryftallife  and 
feparate  from  the  extractive  part  j  frequently  they  are 
altered  and  entirely  decomposed.  It  diflblves  in  water, 
and  then  forms  a  ftrong  infufion.  The  acids  decom- 
pofe  this  folution  as  they  do  foaps,  and  occafion  a  more 
or  lefs  oily  precipitate.  Metallic  folutions  alfo  precipi- 
tate it,  and  are  themfelves  decomposed.  The  profecu- 
tion  of  its  chemical  properties  has  been  carried  no  far- 
ther ;  and  hence  it  has  been  confidered  as  a  kind  of 
foap. 

In  medicine,  extracts  are  employed  as  aperient, 
deobftruent,  diuretic,  ftomachic  remedies  ;  and  they  are 
every  day  obferved  to  produce  the  rnoft  excellent  effects. 

Of  EJJential  Salts  in  general. 

Essential  falts  of  plants  is  given  as  a  name  to  the 
faline  fubftances  held  in  folution  by  their  juices,  or  bv 
the  water  of  their  infufion.  They  are  extracted  by 
cooling  thefe  fluids,  when  evaporated,  to  the  confidence 
of  fyrup.  As  thefe  falts  are  impregnated  with  mucilages 
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and  fatty  matters,  they  muft  be  purified  by  means  of 
lime  and  the  whites  of  eggs.  If  thefe  falts  are  acid,  we 
fhould  not  make  ufe  of  lime,  which  neutralizes  them, 
but  of  pure  white  clay  in  powder.  .After  this  firft  procefs 
they  are  ft  ill  impure  ;  they  are  then  diffolved  in  diftilled 
■water,  and  made  to  cryftallife  feveral  times  till  they  be 
white. 

The  effential  falts  of  plants  are  of  different  natures  ; 
and  fhould  be  diftinguifhed  into  two  claffes. 

Clafs  i.   Effential  Salts. 

The  firft  clafs  comprehends  thofe  which  refemble  the 
mineral  falts.  The  principal  kinds  are,  i.  The  mild 
fixed  alkalis,  which  are  got  from  almofl  all  plants  by 
macerating  them  in  acids,  as  demonftrated  by  Meffrs 
Margraaf  and  Rouelle  junior  :  the  vegetable  alkali  is  the 
nioft  common  ;  the  mineral  is  found  in  the  marine 
plants.  2.  Vitriolated  tartar  from  the  millefolium,  old 
borragines,  aftringenrs,  and  aromatics,  thymelaea,  and 
pulp  of  olives.     3.  Glauber's  fait,  from  the  tamarifk. 

4.  Nitre  from  the  borragines,  turnfol,  tobacco,  &c. 

5.  Sylvius's  febrifugal  fait  from  marine  plants.  6.  Se- 
lenite,  from  rhubarb,  difcovered  by  M.  Model. 

In  vegetables,  no  doubt,  feveral  other  falts  might  be 
found  refembling  the  mineral,  if  an  accurate  analyfis 
were  made  of  a  great  number  of  plants.  The  volatile 
alkali,  or  rather  mild  volatile  fal  ammoniac,  has  alfo 
been  imagined  to  exift  ready  formed  in  the  clafs  of 
cruciform  plants  ;  becaufe  thefe  plants  fubmirted  to 
diftillation,  yield,  upon  the  firft  impreflion  of  the  hear, 
a  phlegm  containing  a  little  of  this  fait  in  folution.  -  On 
this  account,  the  ancient  chemifts  gave  thefe  the  name  of 
annual  -plants.  But  M.  Rouelle  junior  has  demonftra- 
ted that  it  is  not  to  be  got  ready  formed  in  them  ;  and 
that  it  is  the  reaction  of  thefe  principles,  occafioned  by 
the  fire,  which  produces  it.  M.  Baume  pretended,  that 
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the  volatile  principle  of  cruciform  plants  was  merely 
fome  fulphu£ 

Naturalifts  have  entertained  different  opinions  about 
the  mineral  fairs  which  are  found  in  plants.  Some  have 
thought  that  they  have  been  conveyed  from  the  heart 
of  the  earth  by  the  water,  and  thus  parted  without  alte- 
ration into  the  vegetables.  Other  have  imagined,  that 
vegetation  formed  thefe  faline  fubftances.  It  is  certain, 
that  two  very  different  plants,  as  the  borage  and  mil- 
lefolium, growing  in  the  fame  foil,  furnifh  each  the  fame 
fait,  which  is  proper  to  them ;  viz.  the  former  nitre  and  the 
millefolium  vitriolated  tartar.  One  experiment  alone,  of 
which  much  has  been  faid,  and  which  has  not  yet  been 
made  with. proper  accuracy,  might  decide  this  queftion. 
It  is  this,  To  raife  in  a  well-wafhed  earth,  plants  which 
yield  one  kind  of  fait,  as  nitre,  and  to  moiften  the  earth 
with  a  folution  of  marine  or  of  any  other  fait ;  if  they 
flill  furnifhed  nitre  and  no  marine  fait,  the  conclufion 
might  be  drawn,  that  the  fait  in  that  ftate  does  not  en- 
ter the  plants,  and  that  the  fait  which  is  peculiar  to  them* 
is  formed  by  the  operation  of  vegetation. 

Clafs2.  Of  EJfential  Salts. 

The  fecond  clafs  comprehends  the  falts  particular  to 
vegetables.  Thefe  truly  effential  falts  are  always  formed 
of  an  acid  united  with  an  alkali  and  an  oil.  Frequently 
the  acid  is  uncovered  :  fometimes  its  tafte  is  covered  by 
other  fubftances  ;  and  therefore  thefe  falts  mould  be 
diftinguifhed  into  acid  and  fweet. 

§  [.  EJfential  acid 'Salt s. 
The  effential  acid  falts  of  vegetables  are  found  in  a 
great  number  of  plants  ;  and,  in  general,  all  thofe  of  a 
fourifh  tafte  contain  them  :  fnch  are  forrel,  acid  fruits, 
lemons,  oranges,  &c.  The  fait  the  mod  known  in  this 
clafs,  is  that  called  in  commerce  fait  of  forrel,  which 
is  got  from  the  oxalis.  This  plant  is  much  culti- 
vated in  Switzerland  and  Germany.    The  fa  lie  fait  of 
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forrel,  or  the  fait  of  oxalis,  is  in  white  irregular  cry. 
ftals  ;  it  has  a  four  tafte,  and  reddens  the  blue  colours 
of  vegetables.  M.  Baume,  who  has  examined  it,  difco- 
vered  in  it  the  following  properties.  It  diflblves  very 
well  in  water,  and  it  may  be  cryftallifed  without  lofing 
its  acid  ;  when  heated  in  a  crucible,  it  emits  a  fharp  acid 
fmell ;  it  bubbles  up  on  burning  coals ;  it  becomes 
charry  and  kindles  ;  it  burns  blue  like  fpirit  of  wine ; 
it  leaves  after  its  combuftion  a  white  fait,  which,  with 
fpirit  of  fait,  forms  marine  falts.  Upon  diftillation,  an 
ounce  of  this  fait  afforded  three  gros  and  a  half  of  an 
acid  liquor,  which  was  colourlefs,  fmelling  a  little  of 
marine  acid.  No  oil  came  over.  The  refiduurn  was 
fuliginous.  This  fait  precipitates  white  the  nitrous  fo- 
lution  of  mercury,  as  well  as  the  acid  does,  which  it 
gives  to  diftillation.  This  acid,  mixed  with  the  nitrous, 
did  not  diffolve  gold-leaf.  M.  Bergman  has  placed  the 
acid  of  forrel  as  a  particular  acid  in  the  thirteenth  co- 
column  of  his  Table  of  Affinities.  He  differs  from 
M.  Baume  in  fome  points,  although  he  correfponds  in 
the  greateft  number,  as  we  mail  fee  ;  but  he  did  not 
fay  whether  it  was  the  fait  of  forrel  in  commerce,  or  the 
true  effential  fait  which  he  employed.  His  doctrine 
upon  this  fubjec"r.  is  as  follows :  The  fait  of  forrel  is 
vegetable  alkali,  fuperfaturated  with  a  particular  acid. 
M.  Scheele  has  found  a  very  good  method  of  obtaining 
this  fait :  he  mixed  the  acid  of  forrel,  faturated  with  vo- 
latile alkali,  with  a  folution  of  terra  ponderofa  in  nitrous 
acid  :  by  dint  of  double  affinity,  the  principles  of  thefe 
two  compounds  reciprocally  changed  their  combination  ; 
and  that  of  the  terra  ponderofa  with  the  acid  of  forrel  is 
precipitated,  becaufe  it  is  very  infoluble.  This' preci- 
pitated fait  is  decompofed  by  acid  of  vitriol,  which  has 
the  ftrongeft  affinity  to  it  of  any  fubftance  hitherto 
known  :  the  acid  of  forrel  fwims  above  the  fpatum  pon- 
derofum  formed  by  this  decompofition,  which  may  be 
poured  off.  This  fait  feems  to  refemble  the  acid  of  fu- 
gar  more  than  it  does  that  of  tartar.  It  differs  from  both : 
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for,  combined  to  fuperfaturation  with  vegetable  alkali, 
it  forms  the  fait  of  forrel  analogous  to  tartar;  but  it 
decrepitates  and  fufes  in  the  fire,  turns  a  little  black,  and 
is  fufceptible  of  being  decompofed  entirely  by  aerated 
lime  i  properties  not  to  be  found  in  tartar  :  and  far- 
ther, the  vegetable  alkali,  combined  with  the  acid  of  iu- 
gar,  rtfembles  neither  tarcar  nor  fait  of  forrel.  The 
acid  of  forrel  prefers  lime  to  the  alkalis  ;  but  it  is  (till 
doubtful,  whether  it  does  fo  to  terra  ponderofa  and 
magnefia :  it  decompofes  felenite,  having  more  af- 
finity with  lime  than  the  vitriolic  acid  has.  If  a  ftrong 
heat  is  applied  to  the  acid  of  forrel  it  is  deftroy- 
ed  ;  but  it  fwells  and  blackens  in  a  Iefs  degree  than  the 
acid  of  tartar.  It  gives  to  diftillation  a  much  more  acid 
phlegm  than  tartar  does  treated  in  the  fame  way.  From 
thefe  details,  we  fee,  that  M.  Bergman  differs  from  M. 
Baume  only  in  admitting  the  vegetable  alkali  in  this 
fait,  whilfl  the  latter  calls  it  the  mineral.  Perhaps  it  is 
the  true  fait  of  forrel  which  M.  Bergman  talks  of. 

.All  the  acid  falts  in  plants  have  not  yet  been  exami- 
ned, although  we  know  a  great  number.  That  of  ci- 
trons fhould  be  feparated  from  its  mucilage  by  reft,  and 
concentrated  by  means  of  freezing.  It  has  been  fuppo- 
fed  analogous  to  the  acid  of  tartar :  however,  in  its  more 
ftrong  talte,  it  feems  to  refemble  rather  that  of  forrel 
and  of  oxalis.  Stahl  fays,  that  this  acid,  faturated 
with  crabs-eyes,  and  digefted  upon  fpirit  of  wine,  gra- 
dually alfumes  the  nature  of  vinegar.  It  ha*s  been  re- 
marked byM.  Bergman,  that  the  fparry,  phofphoric,  ar- 
fenical  acids,  and  thofe  of  borax,  fugar,  tartar,  forrel, 
and  citrons,  refemble  each  other  in  this,  that  when  com- 
bined with  earths  they  are  almofl  infoluble,  and  that  they 
become  foluble  only  by  an  excefs  of  acid  ;  whereas  this 
property  is  not  found  in  other  acids.  However,  fele- 
nite and  heavy  fpar,  two  earthy  falts  formed  by  the  vi- 
triolic acid,  have  almoft  no  folubility. 

The  fruits,  which  are  at  firft  four,  and  which  turn 
fweet  by  ripening,  yield  a  fait,  whofe  acid  is  more  co- 
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vered  than  that  in  the  preceding.  This  fait  is  in  a  me- 
dium between  the  ftrong  acid  eflential  falts  and  tliofe 
which  art  quite  fweet ;  it  refembles  the  tartar  of  wine; 
it  is  got  from  apples,  pears,  quinces,  tamarinds,  &c. 
They  have  been  carefully  examined  by  M.  Rouelle  ju- 
nior. We  fhall  attempt  a  pretty  full  account  of  them 
when  we  come  to  the  fpirituous  fermentation. 


LECTURE  XLVI. 

§  2.  Essential  Saccharine  Salts. 

nIlE  eflential  faccharine  falts  are  found  in  a  great 
number  of  vegetables.  The  mapple,  the  birch 
trees,  red  beet,  parfnips,  raifins,  wheat,  Turkifh  corn, 
&c.  all  contain  fome  of  them.  M.  Margraaf  extracted 
them  from  the  greateft:  number  of  thefe  vegetables. 

The  fugar-cane  ( arundo faccharifcra)  contains  the 
greateft  quantity  of  it  ;  from  which  it  is  got  with  the 
greateft  profit.  Thefe  canes,  when  ripe,  are  fqueezed 
between  two  iron  cylinders  placed  perpendicular.  The 
exprefled  juice  falls  upon  a  plate  placed  below.  It 
runs  into  a  veflel,  where  it  is  boiled  along  with  allies 
and  lime  ;  the  fcum  is  taken  oft";  and  thus  boiled  and. 
fcummed  in  three  other  veffels;  it  ,then  gets  the  name  of 
fyrup.  Then  it  is  again  ftrongly  boiled  with  lime  and 
alum  :  when  fufficiently  boiled,  it  is  poured  into  a  cooling 
bafon  ;  when  it  grows  fo  cool  as  to  be  handled,  it  is  put  into 
barrels  laid  upon  citterns,  and  having  feveral  holes  fliut  up 
with  canes.  The  fyrup  turns  folid  in  the  barrels,  a  por- 
tion runs  into  the  citterns.  The  fugar^thus  rendered 
concrete  is  yellow  and  thick.  They  refine  it, in  the 
"Welt  Indies  by  boiling,  and  then  pour  it  into  inverted 
earthen  cones.  The  fugar  which  cannot  concrete,  runs 
through  holes  into  a  pot  placed  below:  it  is  called  thick 
fyrup.  The  bafe  of  the  fugar-loaves  is  taken  off,  and 
fome  white  powder  of  fugar  fubflituted  in  its  place, 
which  is  made  hard  by  ftriking.    The  whole  is  covered 
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Dver  with  wetted  pure  clay.    The  water  of  the  clay  fil- 
:res  through  the  fugar,  and  carries  along  with  it  a  por- 
:ion  of  the  mother-water  of  the  fugar,  which  flows  thro* 
he  ho'es,  and  is  received  into  new  pots.  It  is  calledj£w: 
ryrup,  ,;eing  more  pure  than  the  firft.    A  fecond  layer 
){  clay  is  applied  after  the  firft  is  dry,  and  the  water  is 
dlowed  to  filtre  a  fecond  time;  and  when  the  water  has 
ill  run  through,  the  loaves  are  carried  to  a  (love  to  dry. 
n  eight  of  ten  days  the  loaves  are  broken,  and  the  dif- 
erent  fugars  thus  formed  are  hupped  for  Europe,  where 
hey  are  refined  to  form  the  various  kinds  of  it.  The 
•efining  confifts  in  boiling  the  fugar  in  lime-water  along1 
vith  ox  blood,  taking  off  the  fcum  two  or  three  times, 
iltering  the  liquor,  and  running  into  the  form  of  loaves : 
hen  the  loaves  are  covered  with  wet  clay,  and  allowed 
o  filtre.   This  is  repeated  till  the  fugar  be  quite  white  j 
he  loaves  are  carried  to  a  ftove,  and  after  eight  days  co- 
rered  with  paper,  and  tied  up  for  exportation.  The  fy- 
ups,  which  cannot  be  farther  cryftallifed,  are  difpofed 
)f  under  the  name  of  melajfes.     All  chemifts  have 
hought  that  thefe  different  operations  feparated  a  fat 
natter  from  the  fugar,  and  rendered  this  fait  fufceptible 
>f  cryftallifation.    M.  Bergman  fuppofes  the  ufe  of  the 
ime  to  be,  to  carry  off  the  excels  of  acid  which  pre- 
sents its  affuming  folidity.    As  it  undergoes  a  ftrong 
:vaporation  in  thefe  proceffes,  it  turns  into  a  granulated 
.nd  irregular  mafs,  jult  as  we  have  remarked  happens 
.t  Goflar  in  the  preparation  of  white  vitriol. 

Sugar  is  formed  of  a  particular  acid  united  with  a 
mall  quantity  of  alkali,  and  changed  by  a  great  quan- 
ity  of  oily  matters.  It  cryftallifes  into  truncated  hexae- 
lral  prifms,  fo  as  to  form  a  kind  of  two-fided  pyramid, 
n  this  flate  it  is  called  fugar -candy.  It  gives  to  diftilla- 
ion  an  acid  phlegm,  and  a  few  drops  of  an  empyreu- 
natic  oil.  A  fpongy  light  coal  remains,  containing 
ixed  alkali.  This  fait  is  inflammable ;  laid  upon  burn- 
ng  coals,  it  fufes  and  bubbles  up  ;  it  emits  a  pungent 
rapour  ;  it  turns  of  a  brown  yellow,  and  becomes  a  fu- 
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gar  ufcful  in  coughs;  it  is  very  foluble  in  water;  it 
gives  it  a  great  degree  of  confidence ;  and  forms  a  ftrong- 
iacchar'me- mucilage,  called  fyrup.  This,  diluted  whr* 
water,  is  fufceptible  of  fermentation,  and  of  giving  ar- 
dent fpirit.  i 

M.  Bergman  has  extracted  an  acid  of  a  particular  na- 
ture  from  all  faccharine  matters,  and  particularly  from 
fugar.  We  put  into  a  retort  one  part  of  powdered  fu-. 
gar  with  fix  parts  of  aquafortis :  a  gentle  heat. is  applied. 
After  the  pafling  over  of  the  red  vapours,  the  f.  kition 
is  lett  to  cool,  and  white  needled  cryftals  are  precipita- 
ted, or  they  are  prifrns  with  four  fides  terminated  by, 
two-lided  tops.  The  liquor  poured  off,  and  again  heat- 
ed with  three  or  four  parts  of  the  fame  nitrous  acid,- 
yields  by  a  frelh  cryftallization  prifrns  of  the  fame  form. 
The  fame  procefs  may  be  repeated  upon  the  fecond  mo- 
ther- water  of  thefe  cryftals.  One  ounce  of  fugar  yields 
about  three  gros  of  a  prifmatic  fait,  which  diffolves  in 
warm  water,  and  may  be  cryftallized  by  cooling  to  have 
it  very  pure. 

The  acid  of  fugar  has  a  very  pungent  acid  tafte.  Di- 
luted with  water,  it  forms  a  fourilh  agreeable  liquor.  It 
reddens  all  the  blue  colours  of  vegetables.  Expofed  to 
a  gentle  heat,  it  becomes  opaque,  as  if  efflorefcent ;  ic 
turns  into  powder,  and  it  lofes  three-tenths  of  its  weight 
by  the  evaporation  of  the  water  of  its  cryftals.  The  wa- 
ter may  be  collected  by  diftillation.  Heated  more 
ftrongly,  it  fufes ;  it  turns  brown  ;  an  acid  phlegm  paiTes 
over  into  the  receiver,  refembling  the  fait  itfelf  in  all  its' 
characteriftic  propeities.  A  part  fublimes  in  form  of  a- 
white  cruft  ;  the  retort  contains  almoft  no  refiduum. 
What  remains  is  grey  or  brown,  and  comes,  according 
to  M.  Bergman,  only  to  about  the  fiftieth  of  the  fait  em- 
ployed. A  very  confiderablc  quantity  of  a  gas  is  alfo 
produced  :  half  an  ounce  of  acid  of  fugar  gave  M.  Berg- 
man one  hundred  cubic  inches  of  a  gas,  confiding  half 
of  aerial  acid,  and  half  of  inflammable  gss,  which  burnt 
blue.  M.  TAbbe  Fontana,  who  repeated  this  experi- 
ment, 
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ment,  obtained  from  an  ounce  of  this  fait  four  hundred 
iand  thirty-two  inches  of  a  gas ;  a  third  of  which  was  ae- 
rial acid,  and  the  reft  inflammable  gas  mixed  with  com- 
mon ai ;.  Upon  a  repetition  of  the  experiment,  I  had  a 
refult  very  nearly  fimilar  to  that  of  this  laft  chemift. 
What  is  molt  fingular,  is,  that  the  fublimed  portion, 
again  diftilled  twice  over,  gives  no  coaly  matter,  and 
leaves  only  a  whitifh  grey  refiduum.  This  fait,  heated 
in  an  open  fire,  emits  a  very  pungent  vapour,  and  its  re- 
fiduum is  quite  white. 

The  acid  of  fugar  expofed  to  the  air  efflorefces  in 
length  of  time.  Cold  water  ditTolves  half  of  its  weight 
of  this  fait,  and  boiling  water  its  own  weight.  This  fait 
cryflallizes  as  the  folution  cools. 

Acid  of  fugar  ditTolves  clay,  the  bafe  of  alum.  By 
evaporation  the  folution  yields  a  yellowifh,  traniparent, 
fweet,  aftringent  mafs,  which  attracts  the  air's  moiflure, 
and  reddens  turnfol.  This  fait  bubbles  up  when  put 
into  the  fire ;  it  parts  with  its  acid,  and  leaves  the  clay 
brown.    It  is  decompofable  by  the  mineral  acids. 

This  acid  combines  with  the  faline-earthy  and  alkaline 
fubfiances.  It  forms,  i.  With  terra  ponderofa,  an  infolu- 
ble  fait,  yielding  cryftals  of  an  acid  tafte  :  hot  water, 
which  waflies  off  the  fuperfluous  acid,  renders  them  o- 
paque,  powdery,  and  infoluble.    2.  With  magnefia,  a 
white  powdery  fait,  decompofable  by  the  fparry  acid  and 
terra  ponderofa.  3.  With  lime,  a  fait  infoluble  in  water, 
powdery,  decompofable  by  fire  alone,  on  account  of  the 
immenfe  attraction  of  thefe  two  fubftances,  the  acid  of 
fugar  carrying  off  this  bafe  from  all  the  other  acids. 
;M.  Bergman  on  this  account  propofes  the  acid  of  fugar 
!  to  detect:  the  prefence  and  quantity  of  lime  when  con- 
i  tained  in  mineral  waters,  or  combined  with  any  acid. 
!  This  fait  turns  the  fyrup  of  violets  green. 

It  unites  with  the  vegetable  fixed  alkali,  and  is  fuf- 
ceptible  of  cryftallifation  when  there  is  an  excefs  of 
either  of  its  principles.    This  fait,  which  is  very  foluble 
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in  water,  is  decompofed  by  the  action  of  fire  and  by  tha 
mineral  acids. 

Combined  with  two  parts  of  fixed  mineral  alkali,  the 
acid  of  fugar  forms  not  a  very  infoluble  fair,  which  dif- 
folves  better  in  hot  water,  and  turns  the  fyrup  of  vio- 
lets green. 

With  the  volatile  alkali  an  ammoniacal  fait  is  form- 
ed, which  cryftallifes  by  flow  evaporation  into  quadri- 
lateral prifms ;  which  is  decompofed  by  fire,  and  fur- 
nifties  fome  mild  volatile  alkali,  formed  by  the  deftruc- 
tion  of  the  acid  of  fugar. 

The  acid  of  fugar  is  foluble  in  the  mineral  acids.  It 
turns  the  oil  of  vitriol  brown,  and  is  decompofed  by  the 
fpirit  of  nitre. 

The  acid  of  fugar  combines  in  general  more  eafily 
with  metallic  calces  than  with  the  metals.  It  forms, 
T.  With  white  arfenic,  cryftals;  prifmatic,  very  fufible, ' 
very  volatile,  decompofable  by  heat.  2.  With  cobalt,  a 
powdery  fait,  of  a  ck-ar  rofy  colour,  not  very  foluble. 
3.  With  the  calx  of  bifmuth,  a  powdery  white  fait, 
very  infoluble  in  water.  4.  With  the  calx  of  antimony, 
a  fait  in  cryftalline  grains.  5.  With  nickel,  a  fait  of  a 
white  or  of  a  greenifh  yellow,  infoluble.  6.  With  man- 
ganefe,  a  powdery  white  fait,  which  blackens  by  the 
fire.  7.- With  zinc,  whofe  folution  is  accompanied  with 
an  effcrvefcence,  a  white  powdery  fait.  8.  It  diflblves 
the  calx  of  mercury,  and  reduces  it  to  a  white  powder, 
which  blackens  by  the  contact  of  light :  this  acid  de- 
compofes  mercurial  vitriol  and  nitre.  9.  At  firft  it 
blackens  tin,  which  is  afterwards  covered  with  a  white 
powder.  The  fait  which  it  forms  with  this  metal  is  of 
an  auflere  tafte :  it  cryftallifes  into  prifms  by  a  well- 
conducted  evaporation.  If  in  the  evaporation  a  ftrong 
heat  be  ufed,  it  yields  a  tranfparent  mafs  refembling 
horn.  10.  It  tannines  lead,  but  diflblves  its  calx  bet- 
ter. The  liquor,  when  faturated,  depofites  fmall  cry- 
ftals ;  which  are  alfo  obtained  by  pouring  the  acid  of  • 
fugar  into  a  folution  of  nitrous  or  marine  lead,  and 
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likewife  into  a  folution  of  faccharum  Saturni.  II.  It 
(attacks  iron  filings,  and  produces  fome  inflammable 
i  gas.  This  iblntion  is  ftyptic.  It  yields  prifmatic  cry- 
ftals  of  a  greenifh  yellow,  decompofable  by  heat.  Cro- 
cus martis,  united  with  this  acid,  affords  a  yellow  pow- 
der, refembling  that  which  is  obtained  by  pouring  the 
acid  of  fugar  into  a  folution  of  martial  vitriol.  12.  It 
atts  upon  copper,  and  entirely  difiblves  its  calx ;  the 
fait  which  it  forms  is  of  a  clear  blue,  infoluble  :  this  fait 
may  alfo  be  had  from  the  precipitation  of  the  vitriolic, 
nitrous,  marine,  and  acetous  Solutions  of  copper,  by 
means  of  the  acid  of  fugar.  i  :>.  The  calx  of  filver,  preci- 
pitated by  the  fixed  alkali,  diifolves  in  fmall  quantity  in 
this  acid.  .The  beft  method  of  preparing  this  fait,  call- 
ed by  M.  Bergman  argentum  face  bar  atum,  is  to  precipi- 
tate the  nitrous  folution  of  filver  by  means  of  the  acid 
:  of  fugar :  a  white  depofition  falls,  difficultly  foluble  in 
water,  which  turns  brown  by  the  contact  of  the  light. 
14.  This  acid  has  but  a  very  inconfiderable  action  upon 
the  calx  of  gold.  15.  It  diifolves  the  precipitate  of  pla- 
tina,  occafioned  by  the  mineral  alkali.  This  folution 
is  a  little  yellow,  and  yields  crystals  01  the  fame  colour. 
Thefe  are  the  phenomena  mentioned  by  M.Bergman 
refulting  from  the  combination  of  the  acid  of  fugar  with 
the  metallic  fubftances. 

It  might  be  imagined  from  the  procefs  directed  by 
M.  Bergman  for  procuring  the  acid  of  fugar,  that  this 
fait  is 'owing  to  the  nitrous  acid  employed  in  the  opera- 
tion. This  learned  chemift  does  not  think  this  conjec- 
ture admhTible  ;  becaufe  the  acid  of  fugar  has  none  of 
the  properties  of  the  acid  of  nitre,  and  becaufe  it  dif- 
fers from  it  in  all  its  combinations.  In  fadt,  die  nitrous 
acid  does  not  feem  to  make  a  conftituent  part  in  the  acid 
of  fugar ;  but,  however,  the  great  quantity  of  nitrous 
gas  which  exhales  during  the  procefs,  announces  the 
decompofition  of  the  fpirit  of  nitre.  Now,  as,  from 
M.  Lavoifier's  experiments,  the  nitrous  acid  yields  no 
gas,  unlcfs  it  part  with  the  pure  air  which,  combined 
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with  this  gas,  conftitutes  this  acid,  might  we  not  ima- 
gine, that  a  part  of  this  pure  air  combines  with  the 
combuftible  matter  of  the  fugar  to  form  the  acid  which 
is  extracted  from  it  ?  We  have  feen,  that  in  this  way 
we  might  account  for  the  production  of  the  arfenical 
and  dephlogifticated  marine  acids. 

M.  Bergman  afcribes  the  cryftalline  form  of  the  acid 
of  fugar  to  a  portion  of  phlogifton  which  remains  com- 
bined with  it.  M.  de  Morveau,  in  an  excellent  note, 
taken  notice  of  in  the  laft  paragraph  of  M.  Bergman's 
Differ tation  upon  the  Acid  of  Sugar,  has  obferved,  that 
many  acids  become  more  fluid  by  the  addition  of  phlo- 
gifton, and  that  this  property  in  all  the  acids  depends 
upon  the  degree  of  their  fufibility. 

Sugarisofimmenfe  ufe.  It  isan  aliment,a  great  quanti- 
ty of  which  is  in  danger  of  heating  the  conftitution.  Great 
ufe  is  made  of  it  in  pharmacy  j  forming  fyrups,  lozenges, 
bolufes,  &c.  It  ferves  well  to  fufpend  in  water  re- 
fins,  oils,  &c.  It  is  ufed  to  preferve  the  juices  of  fruits 
made  into  jelly :  it  may  be  confidered  even  as  a  medi- 
cine, being  expectorant,  aperient,  flightly  tonic,  and 
ftimulant :  there  are  likewife  fome  facts  recorded  of 
fome  difeafes  depending  upon  obstructions  being  cured 
by  the  continual  ufe  of  fugar. 

Of  Manna. 

There  are  fome  juices  which  flow  from  plants,  and 
have  a  fweet  tafle.  Manna  and  nectar  are  of  this  kind. 
Manna  is  produced  by  the  leaves  of  the  pine,  of  the 
holm,  of  the  juniper,  of  the  willow,  of  the  fig,  and  of 
the  maple  trees.  The  afh-tree,  which  is  very  plentiful 
in  Calabria  and  Sicily,  produces  that  of  commerce.  It 
flows  naturally  from  thefe  trees ;  but  it  is  obtained  in 
greater  quantity  by  incifions  in  the  bark.  What  is  col- 
lected upon  the  ftravvs  or  fmall  flicks  which  are  intro- 
duced into  the  artificial  openings,  forms  kinds  of  fta- 
laclites,  pierced  in  their  middle;  it  is  called  manna  in 
tears.  Manna  en  fortes  flows  upon  the  bark,  and 
contains  fome  impurities.    The  fat  manna  contains 
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a  great  many  ftrange  matters :  it  is  formed  from 
the  impurities  of  the  two  former  ;  it  is  always  mpifl:, 
and  often  changed.  The  tafte  of  manna  is  Tweet  and 
infipid.  That  which  the  larch-tree,  very  copious  in 
Dauphine,  affords,  and  that  of  the  alhagi,  which  grows 
in  Perfia  about  Tauris,  is  of  no  ufe :  this  laft  is  called 
tereniabin.  Manna  is  foluble  in  water  ;  it  gives  the 
fame  products  to  diftillation  as  fugar  does.  By  means 
of  lime  and  whites  of  eggs,  a  matter  refembiing  fugar 
is  extracted  ;  and  when  treated  with  nitrous  acid,  it 
gives  an  acid  fait,  of  the  fame  nature  with  acid  of  fugar. 

In  the  dofe  of  an  ounce,  or  of  two  or  three  ounces, 
it  is  ufed  as  a  purgative ;  or  in  the  dofe  of  a  few  gros, 
when  diluted  with  water,  if  it  is  given  as  a  deobftruent. 

Of  Gums  and  Mucilages. 

Another  kind  of  proper  juice  is  that  called  gum  or 
mucilage.  This  is  infipid,  foluble  in  water,  to  which  it 
gives  a  thick  and  vifcous  confidence.  This  mucilage, 
when  evaporated,  becomes  dry,  tranfparent,  and  friable. 
Mucilage  burns  without  flame  ;  it  gives  to  diftillation  a 
great  quantity  of  acid  phlegm,  a  iittle  empyreumatic 
oil,  and  fome  volatile  alkali :  its  coal,  which  is  very 
bulky,  contains  vegetable  fixed  alkali. 

There  are  three  kinds  of  gum.  i.  The  gum  of  Pays, 
which  flows  from  the  apricot  and  pear  trees,  &c. :  it  is 
white,  yellow,  or  reddifh.  2.  The  Arabic  gum,  which 
flows  from  the  acacia  in  Egypt  and  Arabia.  The  gum. 
of  Senegal  is  of  the  fame  nature.  It  is  employed  in  me- 
dicine as  a  foftening  relaxing  remedy.  It  is  ufed  infeve- 
ral  arts.  3.  The  gum  tragacanth,  which  flows  from  the 
tragacanth  in  Crete ;  tragacantha  Cretica.  It  is  ufed 
like  the  preceding. 

Mucilaires  of  the  fame  nature  are  extracted  from  a 
great  number  of  plants.  The  roots  of  the  wimote,  lin- 
feed,  quinces,  give  out,  by  maceration  in  water,  vifcous 
fluids,  which,  when  evaporated,  yield  true  gums. 

All  thefe  fubitances,  confidered  chemically,  feem  at 
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firft  fight  to  be  bodies  not  very  compound  ;  fince  che- 
mical experiments  frequently  prefent  fubftances  whofe 
gelatinous  form  approaches  to  that  of  gums  and  muci- 
lages. *<  However,  from  thefe  products  of  vegetation, 
which  feem  to  ferve  the  purpofe  of  an  excrementitious 
humour,  water  is  extracted,  fome  acid  liqucr,  fome  ae- 
rial acid,  an  oily  principle,  and  jfome  fixed  alkali,  in 
the  charry  refiduum.  This  refiduum  contains  a  fixed 
earth,  whofe  nature  is  not  yet  known.  Their  inflam- 
mable part  is  not  confiderable,  fince  they  are  not  com- 
buftible.  M.  Bergman  fays,  that  he  obtained  from 
gums,  treated  with  the  nitrous  acid,  an  acid  fimilar  to 
that  of  fugar. 


LECTURE  XLVII. 
Oily  Juices. 

^XILS  are  proper  juices,  fat  and  unctuous,  fluid  or 
folid,  infoluble  in  water,  combuftible  with  flame, 
volatile  in  different  degrees  of  heat ;  they  are  contained  in 
proper  veffels  or  particular  veficles.  They  are  diftinguifh- 
ed  into  fat  and  effential  oils,  into  fluid  and  concrete 
oils.  Thefe  bodies  are  found  in  two  ftates  in  vegetables : 
either  they  are  combined  with  other  principles,  as  they 
are  found  in  the  extracts,  mucilages,  &c. ;  or  they  are 
free  and  detached.    It  is  thefe  we  (hall  examine. 

Chen-iifts  have  thought  a  fimple  oily  principle,  like  a 
primitive  fait,  exifted.  This  oily  principle,  combined 
with  different  fubftances,  and  modified  by  thefe  combi- 
nations, conftitutes,  according  to  them,  the  different 
kinds  of  oils  which  are  obtained  in  the  analyfes  of  ve- 
getables. This  fimple  and  primitive  oil  is  very  fluid, 
volatile,  colourlefs,  inodorous  j  it  burns  with  flame  and 
fume.  This  fume  condenfed  has  all  the  characters  of 
coal :  it  does  not  unite  with  water :  it  is  thought  to  be 
formed  of  an  acid  united  with  earth  and  phlogifton.  It 
is  certain  that  the  oils  yield  in  their  decompofuion  in- 
t  flammable 
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flammable  gas  united  to  fome  aerial  acid.  They  alfo 
contain  a  good  quantity  of  water.  The  earth  is  in  the 
fmalleft  quantity,  fince  they  leave  only  a  very  fmall 
quantity  of  fixed  charry  refiduum.  This  theory  of  the 
oily  principle  ought  to  be  confidered  merely  as  an  hy- 
pothefis.  The  oils  are  always  formed  by  organic  fub- 
;  ftances ;  and  all  the  bodies  which  mow  their  characters 
:  in  the  mineral  kingdom,  owe  their  origin  to  vegetable 
or  animal  life.  The  oily  juices  of  vegetables  are  diftin- 
guifhed  into  fat  and  cflential  oils. 

§  i .    Of  fat  Oils. 

The  fat  oils  are  very  unctuous ;  they  have  for  the 
i  mod  part  a  mild  infipid  tafte,  without  any  fmell :  for 
i  their  volatilifation,  they  require  a  higher  degree  of 
i  heat  than  that  of  boiling  water  ;  and  kindle  only  when 

expofed  to  the  heat  requifite  for  their  volatilifation. 

This  is  the  ufe  made  of  the  cotton  of  lamps  for  kindling 

the  fat  oils.  The  oil  is  heated  to  the  point  of  volatilifation. 
The  moft  part  of  the  oils  are  fluid,  and  require 

a  very  confiderable  cold  for  their  converfion  to  a 

folid  ftate :    fome  concrete  with  the  flighteft  cold ; 

others,  again,  are  almoft  always  folid  ;  thefe  are  named 

butters. 

The  fat  oils  do  not  flow  from  the  furface  of  vege- 
tables :  they  are  contained  in  the  almonds,  quinces,  and 
emollient  feeds.  The  cells  which  contain  them  being 
bruifed,  they  come  out  by  expreffion. 

The  fat  oils  being  expofed  to  air,  alter  and  turn  ran- 
cid :  their  acid  is  evolved  ;  they  lofe  their  properties, 
acquire  new  ones,  in  which  their  nature  approximates 
to  the  efTential  oils.  Water  and  fpirit  of  wine,  by  car- 
rying off  the  evolved  acid,  deprive  them  of  their  throng 
tafte,  but  never  reduce  them  to  their  former  ftate. 

They  give  to  diftillation  an  acid  phlegm  of  a  pun- 
gent odour,  a  light  oil,  a  thick  oil,  and  a  great  quan- 
tity of  inflammable  gas  mixed  with  fome  aerial  acid. 
They  afford  little  charcoal.  By  the  rediftillation  of  thefe 

pro- 
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produces,  fome  phlegm  and  oil,  becoming  more  an 
more  light,  is  obtained.  This  oil  is  named  oleum  pb 
lofophorwiu  The  alchemifts  prepared  it,  by  diftilling  leve- 
ral  times  a  fat  oil,  with  which  they  had  impregnated  a 
brick.  It  is  not  exa&ly  known  whence  this  decompo- 
fition  arifes,  although  it  may  have  been  faid,  that  a  fat 
oil  can  be  reduced  into  a  detached  inflammable  oil,  an 
acid  phlegm,  air,  and  earth. 

Water  does  not  alter  the  fat  oils  ;  it  purifies  them 
by  taking  away  a  part  of  their  mucilage,  which  like- 
wife  precipitates  during  combuftion  ;  and  to  which  they 
owe  their  fermenting  property,  or  that  of  becoming 
rancid. 

The  fat  oils  do  not  combine  with  the  quartzy  and 
vitrefcent  earths :  they  afford  with  clay  a  foft  pafte, 
which  is  employed  in  chemical  manipulations  under  the 
name  of  fat  lute. 

By  particular  procefles  they  combine  with  magnefia, 
which  reduces  them  to  a  foapy  ftate. 

Lime  unites  with  them,  but  not  in  a  remarkable 
manner,  when  they  are  immediately  combined. 

The  alkalis  eafily  combine  with  the  fat  oils,  and  form 
a  compound  called  foap. 

In  its  preparation,  the  oil  of  olives  or  of  fwect  aU 
monds  is  triturated  with  mineral  alkali,  rendered  cauftic 
by  lime  ;  and  hence  called  ley  of  the  foap-boilers.  The 
mixture  does  not  thicken  till  it  has  ftood  a  few  days, 
and  then  forms  the  medicinal  foap.  That  in  commerce 
is  made  by  boiling  the  ley  with  fome  altered  oil  :  it  is 
then  white  :  orpiment  is  made  ufe  of  to  marble  it.  The 
green  foap  is  made  with  the  refiduum  of  the  olives  af- 
ter expreflion  and  potafh. 

Soap  is  foluble  in  pure  water.  Heat  decompofes  it, 
drives  off  phlegm,  fome  oil,  and  fome  volatile  alkali, 
arifing  from  the  decompofition  of  the  fixed  alkali  and 
oil.  The  coal  contains  much  fixed  alkali.  Lime- 
water,  M.  Thouvenel  fays,  decompofes  foap;  and  then 
51  calcareous  infoluble  foap  is  formed,  which  turns  gru- 
t  mous. 
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mous.  The  acids  poured  upon  foap  difengage  its  oil 
a  little  altered. 

The  volatile  alkali  does  not  unite  but  with  difficulty 
with  the  Tat  oils;  however,  by  a  long  trituration,  the 
mixture  acquires  a  little  confidence,  and  becomes 
opaque. 

The  fat  oils  unite  with  the  acids,  and  form  particu- 
;  lar  kinds  of  foap.    Meffrs  Achard,  Cornette,  and  Mac- 
quer,  have  ftudied  thefe  compounds.    M.  Achard  made 
i  them,  by  pouring  gradually  fome  fat  oil  upon  vitriolic 
;acid.    By  a  continued  trituration  o£  this  mixture,  a 
i  brown  mafs  refults,  foluble  in  water  and  fpirit  of  wine. 
The  oil,  which  is  extracted  from  it  by  means  of  the  al- 
;  kaiis,  is  always  more  or  lefs  concrete,  juft  like  that 
which  is  obtained  by  diftillation.    M.  Macquer  here 
directs  pouring  the  acid  upon  the  oil  ;  but  he  remarks, 
;  that  an  acid  foap  made  in  this  way  has  little  folubility 
in  water.    That  which  is  prepared  by  the  trituration 
of  ordinary  alkaline  foap  with  oil  of  vitriol  is  more  fo- 
luble. 

Nitrous  acid  inftantly  confumes  the  fat  oils,  and 
kindles  thofe  that  are  dry.  Thofe  which  are  not  dry, 
cannot  be  kindled,  unlefs  by  a  mixture  of  fpirit  of 
nitre  and  oil  of  vitriol,  as  M.  Rouelle  fenior  has  re- 
marked in  his  Memoirs  upon  the  Inflammation  of  oils, 
Academie,  anno  1747. 

The  marine  and  aerial  acids  have  but  a  very  weak 
action  upon  the  fat  oils.  The  former,  however,  in  its 
ftate  of  concentration,  combines,  according  to  M.  Cor- 
nette, with  them  to  a  certain  degree. 

The  action  of  the  other  acids  upon  the  fat  oils  is  not 
known.  The  oils  do  not  feem  to  combine  with  the 
neutral  falts.  Several  of  thefe,  and  particularly  all 
the  calcareous  falts,  decompofe  the  alkaline  foaps.  In 
this  decompofition,  particularly  that  effe&ed  by  felenite 
and  Epfom  fait,  which  frequently  are  found  united 
with  mineral  waters,  the  vitriolic  acid  unites  with  the 
fixed  alkali  of  the  foap,  and  forms  Glauber's  fait :  the 

lime 
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lime  or  magnefia  combines  with  the  oil,  and  forms  a 
kind  of  very  infoluble  foap,  which  fwims  in  whitifli 
lumps  upon  the  water.  This  is  the  caufc  of  the  phe- 
nomenon exhibited  by  the  waters,  which  curdle  the 
foap  without  diflblving  it. 

The  action  of  inflammable  gas  upon  the  fat  oils  ha 
not  yet  been  examined. 

The  fat  oils  d'.fblve  fulphur  by  means  of  a  boiling 
heat ;  and  this  folution  is  of  a  deep  red  colour  inctifl 
Ittiag  to  brown  :  it  has  a  very  fetid  fmell  ;  it  gradually 
depofites  fome  cryftallifed  fulphur.  If  this  combina- 
tion  is  diddled,  the  fulphur  is  decompofed,  and  not  an 
atom  of  it  is  to  be  afterwards  found.  This  experiment' 
would  merita  particular  examination.  Some  fulphureous 
gas  is  alfo  obtained  in  this  decompofition. 

The  fat  oils  do  not  feem  fufceptible  of  uniting  with 
the  pure  metallic  fubftances,  except  with  copper  an  ' 
iron,  upon  which  they  exert  a  remarkable  action :  bu 
they  combine  with  their  calces,  and  form  thick  con- 
cretes, which  have  a  foapy  appearance,  as  is  obferved 
in  the  preparation  of  ointments  and  plafters.  Thefe 
combinations  have  not  yet  been  examined  chemically; 
it  is  known  only,  that  each  of  the  metallic  calces  are 
reduced  in  the  formation  of  plafters,  as  the  calx  of 
copper  in  the  emplaftrum  divinum,  and  the  litharge  in 
the  unguentum  martis.    In  docimafia,  or  in  the  art  of 
effaying,  the  fat  oils  are  made  ufe  of  in  the  reduction 
of  the  metallic  calces.    M.  Berthollet  has  given  an  in- 
genious and  fimple  procefs  for  the  formation  of  a  com- 
bination of  a  fat  oil  with  any  metal,  or  for  the  forma- 
tion of  a  metallic  foap.    It  confifts  of  pouring  a  metal- 
lic folution  into  a  folution  of  foap  ;  the  acid  of  the  folu- 
tion feizes  upon  the  alkali  of  the  foap,  and  the  metallic 
calx  precipitates  with  the  oil,  to  which  it  gives  its  co- 
lour. 

The  fat  oils  diffolve  the  bitumens,  and  particularly 
amber ;  but  in  this  folution  they  require  heat.  They 

form 
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brm  kinds  of  fat  varniflies,  which  dry  but  with  diffi- 
:ulty. 

The  fat  oils  fhould  be  diftinguiflied  into  three  kinds. 

The  fir.t  comprehends  the  pure  fat  oils,  which  fix  by 
:old,  thicken  {lowly,  form  foaps  with  the  acids,  and 
vindle  only  by  the  addition  of  thofe  of  nitre  and  vi- 
riol.  Such  are,  1 .  Oil  of  olives ;  winch  is  extracted 
Vom  the  pulp  of  this  fruit  fqueezed  between  two  Hones, 
md  then  fubmitted  to  the  prefsin  linen  rags.  That  which 
;omes  out  fir  ft  is  called  virgin  oil;  that  which  is  obtained 
Prom  the  refiduum,  wetted  with  water,  is  lefs  pure, 
md  depofites  a  ley  ;  that  which  is  extracted  froni  un- 
-ipe  olives  is  the  omphacine  of  the  ancients.  Oil  of 
olives  congeals  at  10  degrees  above  o  of  Reaumur's 
:hermometer,  and  turns  rancid  only  in  about  twelve 
years.  2.  Oil  of  almonds,  extracled  without  fire,  turns 
rancid  very  quickly  ;  it  congeals  at  about  10  degrees 
below  o.  3.  That  of  cabbage,  which  is  extracled  from 
the  grain  of  a  kind  of  collyflower  called  colfat.  4.  That 
extracted  from  .almonds,  which  come  from  Egypt  and 
Arabia  ;  it  is  very,  bitter  and  unodorous  ;  it  congeals 
eafily. 

The  fecond  kind  comprehends  the  dry  oils,  which 
Ithicken  readily,  do  not  fix  by  cold,  which  inflame  by 
jthe  nitrous  acid  alone,  and  which  form  kinds  of  refins 
:with  vitriolic  acid.  Such  are,  1 .  The  oil  of  lin,  which 
lis  extracled  from  the  grain  of  roafted  lin  by  expreffion. 
lit  is  employed  in  fat  varnifhing  and  in  painting.  2.  That 
!of  nuts,  which  ferves  the  fame  purpole.  3.  That  of 
;  artichokes  or  of  poppy  feed,  containing  nothing  nar- 
icotic,  as  is  very  well  demonftrated  by  M.  1' Abbe  Ro- 

zier.    4.  That  of  hemp-feed,  which  is  very  dry. 
'  In  the  third  genus,  we  comprehend  the  concrete  fat 

oils,  or  the  butters.  1 .  That  o£  cocao,  extracted  from 
!  the  almonds  of  the  cocao  tree.  Four  kinds  of  cocao 
:are  diftinguifhed ;  the  great  and  fmall,  berbeche, 
>  and  that  of  the  iflands.    The  butter  is  extracled  by 

tor.refaclion  and  boiling  in  water :  it  is  purified  by  li- 

que- 
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qucfying  it  with  a  very  gentle  heat :  it  owes  its  con- 
crete  ftate  to  an  acid.  2.  The  cocoa  furnifhes  a  fimilar 
butter.  3.  '1  he  wax  of  vegetables  is  of  the  fame  na- 
ture, only  it  has  more  folidity.  It  is  extracted  from 
the  gall-nut  in  China  :  yellow,  white,  and  green  candh  b, 
are  made  of  it,  according  to  the  method  made  ufc  pf  to 
extract  the  wax.  The  berries  of  the  birch  and  poplar 
trees  may  likewife  yield  a  fmall  quantity  of  a  fimilar  wax. 

The  ufe  of  the  fat. oils  is  great  in  the  arts  and  in  me- 
dicine. 

As  medicines,  they  ferve  as  emollient,  relax- 
ing, calming,  and  laxative  :  fome  even  are  purga- 
tive, as  the  oleum  ricini ;  which  has  alfo  the  virtue  of 
killing  and  expelling  the  vermis  folitaris.  They  enter 
a  great  number  of  compound  medicines;  as  the  bal- 
fams,  the  ointments,  and  plafters  ;  and  they  are  ufed 
as  aliments  on  account  of  the  mucilage  which  they 
contain  *. 

*  Although  M.  Fourcroy  feems  to  be  of  opinion  that  the  fat  oils 
have  no  power  to  act  uf>on  any  of  the  metallic  fubftances  except 
copper  and  iron,  there  is  much  reafon  to  believe  that  they  arc  alfo 
•apable  of  exerting  their  adtion  upon  mercury  in  a  metallic  ftate. 
We  have  an  infiance  of  the  combination  of  mercury  with  a  fat  of  a 
fimilar  nature  in  the  common  preparation  of  mercurial  ointment, 
where  thefe  two  fubftances  are  intimately  blended  together  by  long 
fri&ion  in  a  marble  mortar.  In  this  ointment,  the  particles  of  the 
mercury  do  not  merely  feem  to  be  interfperfed  and  diftributed 
among  the  part'cles  of  the  fat  without  any  adherence  or  chemical 
union  :  on  the  contrary,  the  oily  matter  of  mercurial  ointment  very 
quickly  becomes  rancid  ;  and  we  know  that  rancidity  is  always  the 
confequence  of  the  combination  of  oil  with  fome  other  fubftance. 
When  the  mercurial  ointment  is  old,  if  we  rub  a  portion  of  it  be- 
tween two  bits  of  paper,  the  whole  of  the  oil  is  abforbed,  without 
leaving  any  globules  of  mercury  vifible  behind  it :  but  when  we 
treat  mercurial  ointment  recently  prepared  in  the  fame  manner,  we 
can  very  readily  perceive  a  great  number  of  metallic  particles  quite 
diftinft.  M.  Baume  took  equal  quantities  of  mercurial  ointment; 
one  of  which  was  new  made,  and  the  other  had  become  flightly 
rancid  by  keeping.  He  kept  both  of  them  in  a  ftate  of  liquefac- 
tion during  eight  days,  in  a  degree  of  heat  much  below  what  could 
pofiibly  decompofc  the  fat.    The  new  made  ointment  allowed  three 

drams 
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§  2.    EJfential  Oils. 

The  effential  oils  differ  from  the  fat  oils  in  the  fol- 
lowing c\,ara&ers :  Their  odour  is  ftrong  and  aroma- 
i  tic  ;  they  are  fo  volatile  as  to  diftil  with  the  heat  of 
boiling  water  ;  their  tafte  is  very  acrid  ;  they  are  much 
more  combuftibie  than  the  former. 

Theft  oils  are  found  in  almoft  all  odorous  plants. 
They  are  contained  either  through  the  whole  of  the 

.Vol.11.  R  plant, 

drams  of  mercury  to  feparate  ;  the  other,  which  was  rancid,  only  ona 
dram  and  a  half.  All  thofe  obfervations  do  not  allow  us  to  doubt 
of  the  reality  of  the  combination  ;  they  pointedly  prove,  that  what 
we  call  the  extinction  of  mercury  in  fat,  iff  not  purely  the  effect  of 
a  mechanical  '^^iion,  fince  thofe  two  fubllances  exert  a  flow  Jpon- 
taneous  action  upon  one  another,  from  which  a  more  intimate  union 
at  length  refults.  This  is  much  confirmed,  by  obferving  the  dif- 
ference in  colour  and  confidence  between  old  and  new  ointment. 
New. made  ointment  is  of  a  very  light  colour,  and  extremely  foft  y 
while  what  lias  been  kept  for  fume  time  is  much  darker  in  colour, 
and  much  firmer  in  confidence  :  A  fufficient  proof  of  fome  change 
in  the  intimacy,  of  their  union. 

We  are  in  the  next  place  to  inquire  in  what  ftate  the  mercury 
unir.es  with  the  fat,  whether  in  form  of  a  metal  or  in  form  of  a 
calx.  When  old  mercurial  ointment  is  converted  into  a  fapona- 
ceous  compound  by  the  addition  of  caultic  alkali,  there  is  always  % 
quantity  of  fluid  mercury  feparated  from  the  mixture,  the  f3t  for- 
faking  the  mercury  to  unite  with  the  alkali.  Mercurial  ointment 
is  alfo  decompofed  by  the  action  of  ether  upon  it.  When  a  fmall 
quantity  of  good  mercurial  ointment  is  put  into  a  flafk,  which  is 
two-thirds  full  of  ether  and  dillilled  water,  and  the  mixture  fre- 
quently fliaken,  the  mercury  foon  begins  to  precipitate,  carrying; 
a  fmall  portion  of  fat  along  with  it,  which  gives  the  mercury  the 
appearance  of  a  calx;  but  this  fat  foon  difappears,  and  the  mercury 
unites  in  the  form  of  metallic  globules^  by  fimply  drying  it  upon 
bibulous  paper.  By  this  analyfis  we  collect  almoft  the  whole  of 
the  mercury  in  a  fluid  ftate. 

In  reviewing  all  thofe  facts  carefully,  it  feems  probable,  that  the 
mode  in  which  mercury  combines  with  fat,  more  refemblcs  the 
amalgamation  of  the  metals  with  mercury,  than  their  diffolution  in 
acids;,  as  the  mercury  is  taken  up  in  a. metallic  ftate,  and  not  cal- 
cined ;  the  fatty  matter  ferving  the  purpofe  of  a  folvent  to  the  mer- 
cury in  the  preparation  of  mercurial  ointmeat,  in  the  fame  way 
that  mercury  itfelf  ferves  the  purpofe  of  a  folvent  to  the  other  me- 
tals in  the  combination  of  the  different  amalgams. 
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plant,  as  in  the  Bohemian  angelica ;  or  in  the  root 
alone,  as  in  the  alder-tree,  the  oris,  the  white  cl'idam- 
nus,  &c.  ;  or  in  the  ftem,  as  in  faunders,  faflafras, 
pines,  &c.  ;  or  in  the  bark,  as  in  the  canella.  Some- 
times the  leaves  conceal  it,  as  in  the  meliflus,  pepper- 
mint, wormwood.  In  other  plants  it  is  found  in  the 
calicc-s  of  the  flowers,  as  the  rofe.  The  petals  of  ca- 
momile and  of  the  orange  are  filled  with  it.  At  other 
times  it  is  fixed  in  the  fruit ;  as  in  cubebs,  pepper,  ju- 
niper berries :  And,  laftly,  many  vegetables  contain  it 
in  their  feed  ;  as  nutmeg,  anife,  fennel,  and  moft  of 
the  umbelliferous  plants. 

They  differ  from  one  another,  i.  In  the  quantity, 
which  greatly  varies  according  to  the  flate  or  age  of 
the  plant.  2.  In  the  confiftence.  There  are  fome  very 
fluid;  as  thofe  of  lavender  and  rue.  Some  congeal  by 
cold;  as  that  of  anife,  fennel:  Others  are  always  con- 
crete ;  as  thofe  of  rofes,  parfley,  and  alder.  3.  In  the 
colour :  Some  have  none  ;  fome  are  yellow,  as  that  of 
lavender  ;  of  a  deep  yellow,  that  of  canella  ;  blue,  that 
of  camomile;  aquamarine,  that  of  mille-pertuis  ;  green, 
that  of  parfley.  4.  In  weight :  Some  fwim  upon  water,  as 
moil  of  our  own  country  oils  :  others  go  to  the  bot- 
tom ;  as  that  of  faflafras  and  cloves,  and  moft  of  thofe 
from  foreign  plants.  This  property,  however,  is  not 
conihint,  relatively  to  the  climate ;  as  the  eflential  oils 
of  nutmeg,  mace,  pepper,  are  lighter  than  water.  5.  In 
fmell  and  tafle:  This  laft,  property  is  often  Very  differ- 
ent in  the  eflential  oil  from  what  it  is  in  the  plant ;  for 
inftance,  pepper  gives  a  fweet  oil,  and  wormwood  a 
bitter. 

Eflential  oils  are  gotj  1.  By  expreflion,  from  the  ci- 
tron, bergamot,  orange,  cedar  trees,  &c.  2.  By  di- 
ftillation.  The  plant  is  put  into  an  alembic  of  copper 
along  with  fome  water ;  the  water  is  made  to  boil ;  the 
oil  pafTes  over  with  the  water,  from  which  it  is  feparated 
by  means  of  a  proper  veflel. 

The  eflential  oils  are  adulterated,  either  by  the  fat 
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oils,  and  the  fraud  is  then  detefted  by  trying  if  they 
ftain  paper  ;  or  by  the  oil  of  turpentine,  which  is  knowi 
by  its  firing  fmell,  and  which  remains  after  the  evapO' 
ration  of  the  eflential  oil ;  or  by  means  of  fpirit  of 
wine  :  then  water,  by  rendering  them  turbid,  difco- 
vers  the  fraud. 

The  eiTential  oils  lofe  their  colour  by  a  gentle  heat ; 
and  as  they  are  very  volatile,  the  fire  cannot  decompofe 
them.  By  heating  them  in  clofe  vefiels,  a  great  quan- 
tity of  inflammable  gas  efcapes.  When  they  are  heated 
with  the  contacl  of  air,  they  kindle  readily,  and  emit 
a  very  thick  fume,  which  condenfcs  into  a  charry  mat- 
ter, very  light  and  fine :  they  leave,  after  inflamma- 
tion, very  little  coal,  being  fo  volatile,  that  the  charry 
part  rifes  in  the  volatilifed  portion. 

Expofed  to  the  air,  they  thicken  as  they  grow  old, 
and  appear  like  a  refin.  Needled  crylfals  are  depofi- 
ted,  refembling  thofe  of  fublimed  camphor,  which, 
Geoffrey  junior  obferved  in  that  of  motherwort,  mar- 
joram, and  in  that  of  turpentine.  Their  fmell  alfo 
approaches  to  that  .of  camphor,  according  to  the  fame 
obferver,  Acad.  1721,  p.  163. 

They  unite  difficultly  with  lime  and  the  alkalis  :  the 
acids  alter  them  ;  the  concentrated  vitriolic  acid  chan- 
ges them  into  bitumens ;  and  if  it  is  weak,  it  converts 
them  into  kinds  of  foaps.  They  kindle  into  flame  with 
the  nitrous  acid,  and  the  marine  acid  makes  them  into 
foaps. 

They  have  no  attion  upon  the  neutral  falts.  They 
eafily  combine  with  fulphur,  and  form  compounds 
called  balfams  of  fulphur  ;  in  which  the  fulphur  is  fo 
changed,  that  it  never  can  be  wholly  feparated,  nor  its 
prefence  fcarce  made  to  appear. 

Mucilages  and  fugar  render  them  foluble  in  water  *. 

R  2  In 

*  The  '.eflential  aromatic  oils  have  not  the  fmoothnefa,  flipperi- 
nef8,  and  un&uofity  of  the  expreffed  oils.  They  are  all  volatile  in 
the  heat  of  boiling  water,  or  nearly  in  that  degree  of  heat ;  and  the 
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In  medicine  they  are  employed  as  cordial,  ftimulanr, 
antifpafmodic,  etnmcnagogue,  &c.  Exhibited  exter- 
nally, they  prove  frequently  antifeptic,  and  retard  the 
progrefs  of  carious  bones. 

ordinary  method  of  obtaining  them  is,  to  macerate  the  plant  in  water, 
and  afterwards  to  fubje&  the  whole  to  diftillation,  when  the  volatile 
oil  anfes  along  with  the  vapour  of  the  water.   The  only  purpofc  of 
adding  the  water  is  to  give  an  eafy  method  of  adjufting  th*  heat  ; 
for  if  the  vegetable  was  to  be  put  into  the  Itill  without  any  addition 
of  water,  fome  parts  would  be  fcorched  and  deftroyed  before  others 
were  fufficiently  warmed  to  exhale  the  effential  oil,'  as  it  is  not  pof- 
lible  to  diftribute  the  heat  equally  without  the  affiftance  of  a  fluid 
medium.    The  water  which  comes  over  is  impregnated  with  the 
tafte  and  fl.ivour  of  the  oil,  for  water  is  capable  of  diflfolving  a  fmall 
portion  of  effential  oils  ;  and  in  this  ftjle  is  called  a  fwiple  dijlilkd 
water.    Many  fuch  are  prepared  for  common  ufe  from  rofes,  cinna- 
mon, peppermint,  and  other  aromatic  plants.    They  all  owe  their 
virtues  to  a  quantity  of  the  effential  oil  of  the  vegetables;  as  we 
know  they  may  be  prepared  in  a  different  manner,  merely  by  mixing 
fome  effential  oil  of  the  vegetable  with  pure  water,  by  agitation. 
The  folution  of  thefe  oils  in  water  does  not  feem  to  be  very  perfect, 
as  there  is  commonly  fome  degree  of  milkinefs  and  want  of  tranfpa- 
rency  ;  which  is  proof  fufficient  of  an  imperfect  folution.    This  dif- 
folving  power  of  water  diminifhes  the  yield  of  oil  to  a  certain  de- 
gree, fince  we  do  not  yet  know  of  any  way  by  which  it  can  again 
be  fcparated.     But  this  inconvenience  is  not  very  great  in  practice, 
as  the  water  is  foon  faturated,  and  will  diffolve  no  more  ;  fo  that 
all  the  redundant  oil  feparates  from  the  water,  and  either  fink3  to 
the  bottom  or  rifes  to  the  top,  according  to  the  relative  fpecific  gra- 
vity.   If  therefore  the  pure  oil  be  the  object  of  our  purfuit,  we  have 
only  to  pour  W3ter,  fully  faturated  by  a  former  diftillation,  upon  a 
frefh  parcel  of  materials,  when  the  whole  of  the  oil  may  be  eafily 
collected  without  lofs,  as  no  more  can  be  difTolved  in  the  water.  Some 
vegetables  are  fo  tender,  that  the  fiinple  maceration  in  water  im- 
pairs the  delicacy  and  fragrance  of  their  odourf.    In  fuch  cafe6,  the 
vegetable  is  only  expofed  to  the  fleams  of  boiling  water,  which  pe- 
netrate every  where,  and  carry  the  effential  oil  along  with  them. 
To  accompliih  this  end,  we  extend  a  piece  of  hair-cloth  over  the 
water  of  a  common  ftill,  and  lay  the  vegetable  upon  it,  and  raife  the 
heat  to  the  degree  which  we  wifh.     For  as  fome  vegetables  do  not 
require  a  boiling  heat,  but  are  greatly  injured  by  expofure  to  one  fo 
great,  we  can  by  this  contrivance  temperate  the  heat  at  pleafure, 
and  employ  the  exact  degree  which  is  rcquifite  for  the  particular 
plant,  and  never  allow  the  fire  to  excite  a  greater.    Rofemary  and 
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lavender,  diftilled  with  this  precaution,  give  over  an  oil  much  fupe- 
rior  in  fragrance  to  what  is  obtained  by  a  boiling  heat. 

Spirit  of  wine  diffolves  the  effcntial  oils  more  thoroughly  than  a 
watery  me  rfruum  ;  and  as  the  fpirit  alfo  rifes  in  a  lower  degree  of 
heat,  all  the  aromatic  properties  of  the  plant  are  extracted  in  higher 
perfection.  There  are,  however,  but  a  fmall  number  of  plants 
which  are  volatile  in  the  heat  wfyich  raifes  fpirit  of  wine  ;  fo  that,  if 
we  wifli  the  fpirit  to  be  impregnated  with  fuch  oils,  we  either  dif- 
folve  directly  fome  oil  which  we  have  obtained  by  a  different  pro- 
cefs  j  or  we  add  the  fpirit  to  the  fimple  water,  which,  in  the  courfe 
of  diflillation,  carries  off  the  aromatic  odorous  principle ;  and  thus 
we  obtain  a  fpirituous  impregnation  of  the  eflenlial  oil. 

The  aromatic  parts  of  vegetables  are  contained  in  feparate  fpaces, 
di(iinc\  from  the  general  matter  of  the  plant.  A  good  microfcope 
will  (how  a  number  of  fhining  particles  compofed  of  this  matter; 
and  if  thefe  be  all  carefully  picked  out,  the  plant  will  no  longer 
yield  a  fingle  drop  of  aromatic  oil. 

Some  chemilts  have  fuppofed  that  the  iily,  violet,  jeffamine,  nar- 
cifius,  hyacinth,  and  other  very  delicate  flowers,  derived  the  fra- 
grance of  their  odour  from  the  prefence  of  fome  principle  different 
from  the  effential  oil,  becaufe  thofe  chemiils  had  always  failed  in 
their  attempts  to  collect  the  oil  in  any  confiderable  quantity.  This 
opinion  is,  however,  fo  far  erroneous,  that  Neuman  law  eflential 
oils  obtained  from  all  thofe  plants  in  different  parts  of  the  warmer 
countries  of  Europe.  The  product  was  indeed  extremely  trifling  ; 
fo  that  the  very  powerful  effluvia  of  thefe  flowers  mult  arife  from  the 
extreme  volatility,  pungency,  and  diftuhve  nature  of  their  effential 
oils.  And  in  this  confifts  the  only  difference  between  ihem  and 
ether  aromatic  vegetables. 

As  it  is  fometimes  difficult  to  collect  a  large  enough  quantity  of 
rare  flowers  to  prepare  oil  from  them,  fome  have  propofed  to  fall  the 
aromatic  parts,  and  keep  them  till  a  fufficient  collection  be  made. 
When  this  advice  has  been  followed  with  rofe-leaves,  the  diftilled 
water  was  found  to  contain  a  fmall  portion  of  marine  acid;  which 
appeared  from  the  effect  of  the  role- water  in  dilturbing  the  nitrous 
folution  of  lilver. 

Another  practice  is  recommended  in  particular  cafes  where  a  flight 
degree  of  fermentation  incrcafes  the  produce,  or  in  fome  meafure  feems 
to  create  the  oil.  To  fuch  plants  a  little  yclt  of  fome  kind  is  added,  to 
promote  the  fermentation.  The  veronica,  a  plant  which  yields 
lcarcely  any  oil  when  in  a  frelh  Hate,  will  give  over  a  great  deal  by 
being  allowed  to  ferment  for  fome  day.--.  Whtlher  this  incipient 
procefs  only  ferves  to  extricate  what  was  already  formed,  or  really 
alters  the  combination  of  the  different  principles,  is  a  matter  which 
has  not  yet  been  fully  examined. 
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L  E  C  T  U  R  E  XLVIII. 

Of  Camphor. 

/^IAmphor  is  a  white,  concrete,  cryltalline  fub- 
fiance,  of  a  ftrong  fmell  and  tafte,  which  ap- 
proaches to  the  effential  oils  in  fome  of  its  properties, 
but  widely  differs  from  them  in  others. 

This  fubflance  is  extracted  from  a  kind  of  laurel, 
growing  in  China,  Japan,  and  in  the  iflands  of  Borneo, 
Sumatra,  Ceylon,  &c.  The  tree  which  produces  it 
fometimes  contains  fo  great  a  quantity,  that  cleaving  it 
is  fufficient  to  obtain  very  large  and  very  pure  tears. 
It  is  obtained,  however,  by  di [filiation.  The  roots  or 
other  parts  of  the  tree  are  put  into  an  iron  alembic 
along  with  fome  water  ;  they  are  covered  with  a  head, 
in  which  fome  rice-ftraws  are  placed  ;  and  the  whole  is 
heated.  The  camphor  fublimes  in  fmall  greyifh  grains, 
which  are  united  into  larger  pieces.-  This  coarfe  cam- 
phor is  very  impure.  The  Dutch  purify  it  by  fublima- 
tion  in  kinds  of  balloons,  by  the  addition  of  an  ounce 
of  lime  to  the  pound  of  camphor.  It  may  alio  be  ex- 
tracted from  the  roots  of  the  canella  tree,  zedoary, 
thyme,  rofemary,  fage,  and  from  all  the  labiated  ones, 
either  by  diflillation  or  decoction,  as  MelTrs  Neu- 
man  and  Cartheufer  have  remarked  ;  but  the  camphor 
is  in  very  fmall  quantity,  and  it  always  has  a  flight  fmell 
of  the  plant  from  which  it  was  extracted.  This  fingu- 
lar  fubftance  feems  to  be  found  in  combination  with  the 
effential  oils  of  thefe  vegetables,  fince  Geoffroy  obfer- 
ved  that  thefe  oils  depofned  camphorated  needles. 

Camphor  i9  much  more  volatile  than  the  effential 
oils,  as  it  fublimes  with  the  gentleft  heat ;  u>cryftalliies 
into  hexaedral  lamina;,  adhering  to  a  filament.  If  it  is 
brifldy  heated,  it  fufes  before  it  is  volatilifcd.  It  feems 
to  be  incapable  of  decompofition  in  this  way  :  however, 
if  it  is  feveral  times  diftilled,  it  yields  a  reddilh  and  ma- 
nifeftly  acid  phlegm  ;  which  indicates,  that  by  a  fre- 
quent repetition  of  this  procefs  it  might  be  decompofed. 

Its 
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Its  own  temperature  is  fufficient  to  volatilife  it :  expofed 
to  rhe  air,  it  diflipates  entirely  ;  included  in  a  veffel,  it 
fublimes  i  ,  hexagonal  pyramids,  or  into  polygonal  cry- 
lials ;  which  were  obferved  and  defcribed  anno  1756  by 
M.  Romieu,  (Acad.  1756,  p.  443).  It  emits  a  llrong 
fmell,  unfupportable  by  fome  perfons :  it  kindles  very 
rapidly,  burns  with  a  great  fmoke,  and  leaves  no  charry 
refiduum. 

It  does  not  diffolve  in  water ;  it  communicates  to  it 
its  fmell;  it  burns  at  its>furface.  M.  Romieu  obferved, 
that  fome  little  pieces  of  camphor,  of  a  third  or  of  a 
fourth  of  a  line  in  diameter,  put  in  a  glafs  of  pure 
water,  are  moved,  turn  round,  and  diffolve  in  half 
an  hour.  He  fufpe£ts  that  this  motion  is  an  effect  of 
electricity  ;  and  he  remarks,  that  it  ceafes  when  the 
water  is  touched  with  a  conductor,  as  a  wire  of  iron  ; 
and,  on  the  contrary,  that  it  continues  when  touched 
with  an  infulated  body,  as  glafs,  refin,  fulphur,  &c. 

The  earths,  faline-earthy,  and  alkaline  fubftances, 
exert  no  action  upon  camphor  ;  the  effect,  however,  of 
the  cauflic  alkalis  has  not  been  tried. 

The  acids  diffolve  camphor  when  they  are  concentra- 
ted ;  oil  of  vitriol  diffolves  it  by  means  of  heat:  this  l'olution 
is  reddifh.  The  nitrous  acid  diffolves  it  without  noife : 
the  folution  is  yellow.  As  it  fwims  above  the  acid  as 
oils  do,  it  has  been  called  oil  of  camphor.  The  marine 
acid  in  the  ftate  of  gas  diffolves  camphor,  and  likewife 
the  fulphureous  and  fparry  gafes.  If  fome  water  is  add- 
ed to  thefe  folutions,  they  grow  turbid  ;  the  camphor 
feparates  in  flocci,  which  fwim  a-top,  and  have  under- 
gone no  alteration.  The  alkalis,  the  faline-earthy,  and 
metallic  fubftances,  likewife  precipitate  thefe  folutions. 

The  neutral  falts  have  no  action  upon  camphor.  The 
effect  of  fulphur  and  the  bitumens  is  not  known,  though 
it  is  probable  that  they  are  capable  of  uniting  with  it. 

The  fat  and  effential  oils  diffolve  camphor  by  means 
of  heat.  Thefe  folutions,  when  cool,  gradually  depo- 
fite  cryftals,  like  vegetation,  refembling  thofe  which  are 
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found  in'the  folutions  of  fal  ammoniac  ;  that  is,  made  up 
of  a  moderately  fized  fide,  to  which  very  fine  filaments, 
placed  horizontally,  adhere.  Thefe  kinds  of  plumage, 
viewed  with  a  microfcope,  are  very  beautiful  and  regu- 
lar. This  nice  obfervation  is  owing  likewife  to  M.  ilo- 
mieu,  (Acad.  1756,  p.  448).  We  mall  afterwards  take 
notice  of  the  folution  of  camphor  in  fpirit  of  wine, 
which  is  much  better  known  and  much  more  ufed 
than  the  preceding,  that  it  exhibited  a  fomewhat  dif- 
ferent cryitallifation,  which  he  obtained  by  a  particular 
procefs. 

We  muff  not  forget  to  obferve,  that  a  phyfician,  as 
illufhious  for  his  extenfive  knowledge  as  for  his  great 
conception  of  the  action  of  medicines,  M.  Lorry,  con- 
fiders  camphor  as  a  principle  very  diffufed  in  vegetables ; 
and  he  places  its  fpiritus  rector  at  the  head  of  a  clafs  of 
very  ftrong  fmells,  to  whofe  effefts  upon  the  animal- 
ceconomy  all  chemifts  and  phyficians  ought  to  attend. 

Camphor  is  one  of  the  mo(i  powerful  remedies  which 
phyfic  poffeffes.  Applied  to  inflamed  tumours,  it  foon 
diffipates  them.  It  is  employed  as  an  antifpafmodic  and 
antifeptic  in  contagious  difeafes,  in  malignant  fevers, 
and  in  all  difer.fcs  accompanied  in  general  with  nervous 
and  putrid  affections.  In  France  it  is  adminiitered 
fcarcely  in  the  dole  of  a  few  grains ;  in  Germany  they 
augment  the  quantity  to  feveral  gros  a- day.  It  is  alfo 
important  to  know,  that  camphor  calms  ardors  and 
pains  in  the  urinary  paflages,  often  as  if  by  enchant- 
ment. Triturated  with  yolks  of  eggs,  fugar,  gums,  or 
in  the  ftate  of  oil  of  camphor,  it  is  put  into  fome  con- 
venient drink.  The  furgeons  employ  the  fpiritus  vim 
camphoratus,  to  be  defcribed  afterwards,  in  external 
gangrenes,  whofe  progrefs  it  frequently  retards  and 
flops. 

Spiritus  Redor. 
Boerhaave  has  given  the  name  of  fpiritus  reftor  of 
plants  to  their  odoriferous  principle ;  only  very  Iittie  is 
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known  about  the  properties  of  this  lingular  fubftance,  al- 
tho'  fo  interring  in  its  effects  upon  the  animal  oeconomy. 
The  fpiriti  J  rector  feems  to  be  very  volatile,  very  diflipable, 
and  attenuated  ;  it  is  perpetually  flying  off  from  plants, 
and  forms  round  them  an  odorous  atmofphere,  which 
is  diffufed  to  a  greater  or  lefs  diftance.  All  plants  dif- 
fer from  one  another  in  the  quantity,  power,  and  na- 
ture of  this  principle.  Some  are  abundantly  provided 
with  it,  and  even  lofe  it  only  partially  upon  exficcation; 
fo  that  it  hence  appears  to  poffefs  a  certain  degree  of 
fixity  ;  fuch  as,  in  general,  the  odorous  woods,  and  ail 
the  odorous  parts  of  vegetables,  dry  and  woody.  In 
others  it  is  fo  diflipable  and  fo  volatile,  that  though  they 
have  a  ftrong  fmell,  the  principle  is  with  difTtculty  fix- 
ed. And  there  are  fome  plants  whofe  fmell  is  iniipid, 
and  not  very  fenfible  :  they  have  been  named  inodo- 
rous ;  thefe  having  only  the  fmell  of  an  herb,  their  prin- 
cipium  reftor  has  been  called  herbaceous. 

The  flighted  heat  is  fufficient  to  diflipate  the  fpiritus 
redtor  from  plants.  To  obtain  it,  we  muft  diltil  the 
plant  in  a  balneum  marine,  and  receive  its  vapours  in  a 
cold  head,  which  condenfes  them,  and  makes  them 
run  in  a  liquid  ftate  into  the  receiver.  The  product  is 
a  limpid  water  charged  with  fmell,  which  has  been  call- 
ed ejfential  or  dijiilled  water.  This  liquor  fhould  be 
considered  as  a  folution  of  the  odorous  principle.  As 
this  principle  is  more  volatile  than  the  liquid  in  which 
it  is  diffolved,  if  the  fpiritus  rector  is  heated,  it  gradu- 
ally lofes  its  fmell,  and  becomes  infipid  :  expofure  to 
air  produces  the  fame  alteration  :  it  depofites  very  light, 
apparently  mucilaginous,  tufts,  and  even  acquires  a 
mouldy  fmell. 

The  principle  of  odour  unites  with  the  oily  juices, 
and  alfo  feems  to  make  one  of  the  elements  of  the  ef- 
fential  oils  ;  fince,  1.  Thefe  always  contain  it.  2.  The 
plants  which  have  a  tenacious  odour  conftantly  yield 
more  effential  oil  than  thofe  do,  whofe  odour  is  volatile, 
and  which  yield  frequently  noiie  at  all.  To  retain  the  fpi- 
ritus 
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ntus  reaor  of  thefe  laft,  as  of  the  jeffamine,  tuberofe, 
&c.  it  muft  be  combined  with  the  fat  oils.  The  flowers 
are  put. into  a  tin  cucurbit  with  cotton,  impregnated 
with  lbme  oil  of  benzoin  :  the  flowers  and  cotton  are 
laid  alternately  •  the  cucurbit  is  tout  up,  and  expofed 
to  a  gentle  heat.  The  fpiritus  redor  is  difengaged, 
and  combines  with  the  oil,  and  fixes  itfelf  in  a  durable 
manner.  3.  The  plants  which  have  no  fmell  never 
yield  a  drop  of  effentiai  oil.  4.  The  vegetables  from 
which  the  fpiritus  re&or  has  been  extracted  in  a  bal- 
neum mariae  yield  no  more  of  this  kind  of  oil,  unlefs 
they  ftill  retain  a  little  of  the  fmell ;  in  this  cafe  they 
yield,  too,  only  a  very  fmall  quantity.  5.  An  effentiai 
oil  which  has  loft  its  fmell  eafily  regains  all  its  properties, 
when  it  is  diftilled  upon  the  frefh  plant  from  which  it 
was  at  fir  ft  extracted. 

The  action  of  the  faline  fubftances  upon  the  fpiritus 
rector  has  not  been  examined. 

The  nature  of  this  principle  is  not  identical,  and  it 
feems  to  differ  according  to  the  genera  of  plants  to 
which  it  belongs.  M.  Macquer  thinks  with  Boerhaave, 
that  it  is  in  general  compofed  of  an  inflammable  fub- 
ftance  and  a  faline  matter  ;  but  he  obferves,  that  it  fome- 
times  partakes  more  of  the  faline  nature,  whilft  in  other 
plants  it  approaches  more  to  the  oily  matters.  The 
fpiritus  rector  of  the  cruciform  plants  appears  to  him 
to  be  faline,  and  he  gives  it  the  characters  of  being  pun- 
gent and  penetrating  without  affecting  the  nerves.  That, 
on  the  contrary,  which  is  infipid  or  ftrong,  but  without 
being  pungent,  and  which  affects  the  nerves  fo  as  to 
produce  or  allay  the  fits  which  depend  upon  their  im- 
preflion,  as  thofe  of  the  aromatic  and  narcotic  plants  do, 
participates  greatly  of  the  oily  nature,  according  to  this 
celebrated  chemift.  Some  facts  fupport  this  affertion. 
The  fraxinella  emits  an  odour,  which  forms  an  inflam- 
mable atmofphere  round  the  plants,  which  an  ignited 
combuftible  body  kindles  ;  then  this  vapour  burns  from 
top  to  bottom,  along  the  Item  which  fupports  the  flow- 
ers 
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evs.  The  fpiritus  rettor  of  the  fraxinella  feems  then  to 
be  of  an  oil"  nature.  M.  Venel,  a  chemifl  of  Montpe- 
lier,  and  ftnolar  of  Rouelle,  extrafted  from  the  chefnut, 
with  a  gentle  hear,  an  acid  fpiritus  rector  :  and  the  late 
M.  lloux  profefTor  of  chemiftry,  who  examined  this 
product,  found  that  it  does  not  redden  the  blue  colours 
of  vegetables,  but  that  it  faturates  the  alkalis.  The  na- 
ture of  the  fpiritus  rector  of  cruciform  plants  is  not  de- 
termined. Some  fuppofe  it  acid,  others  alkaline.  It 
feems  from  the  works  of  MefTrs  Deyeux  and  Baume, 
that  fulphur  is  found  combined  with  the  odorous  prin- 
ciple of  the  antifcorbutic  plants.  As  to  what  remains, 
we  have  already  taken  notice  of  thefe  beautiful  difco- 
veries  elfewhere. 

There  are  (till  two  important  reflexions  to  be  made 
upon  fpiritus  reftor.  The  firft  is  what  M.  Macquer  very 
properly  fufpe&s,  that  this  principle  is  perhaps  a  gas  of 
a  particular  nature  ;  its  invifibility,  its  volatility,  the 
manner  in  which  it  is  diffufed  in  the  atmofphere,  its 
expansibility,  and  fome  experiments  of  Dr  Ingenhouz 
upon  the  noxious  gas  of  flowers,  all  go  to  fupport  this 
opinion.  There  only  remains  to  make  upon  the  fub- 
jeft  experiments,  which  indeed  require  great  care  and 
accuracy,  but  which  alfo  promife  brilliant  and  ufeful 
difcoveries.  Boyle  has  already  faid  much  about  the 
fmells,  their  alterability,  their  reciprocal  combination  ; 
and  the  fubject  has  been  continued  with  the  greateft  fuc- 
cefs  by  M.  Lorry.  This  learned  man  has  prolecuted 
the  alterations  refulting  from  their  mixture,  from  fer- 
mentation, the  acYion  of  the  fire,  the  air,  and  of  different 
menftrua.  His  interefting  memoir  will  appear  in  the 
next  volnme  of  the  Royal  Society  of  Medicine.  We 
cannot,  without  deviating  from  our  plan,  enter  upon 
thefe  details;  but  we  fuppofe  his  firft  divifion  of  the  o- 
dours  may  be  given.  M.  Lorry  divides  thefe  bodies  in- 
to five  clafTes;  the  camphorated  fmells,  theetherial,  the 
poilonous  or  narcotic,  the  acid,  and  alkaline.  All  the 
fmells  may  be  referred  to  thefefive  primitive  clafles.  In 
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giving  a  reafon  for  this  divifion,  this  philofopher  confines 
himfelf  to  the  effect  the  fmells  have  upon  the  organs  of 
fmell  and  upon  the  nerves  in  general,  without  entering 
upon  their  chemical  nature.  Bat  it  is  more  than  pro- 
bable, as  he  thinks  himfelf,  that  thofe  of  every  clafs  ap- 
proach to  one  another  in  their  chemical  nature,  as  we 
know  they  do  in  their  action  upon  the  animal  ceco- 
nomy. 

The  fecond  reflection  with  which  we  {hall  terminate 
the  chemical  hiftory  of  the  odorous  principle  is,  that 
though  the  plants  which  have  been  called  inodorous^,  are 
confidered  deftirute  of  this  principle,  it  is,  neverthelefs, 
now  fully  demonilrated,  that  with  the  molt  gentle  heat 
of  a  water-bath,  a  flightly  odoriferous  water  may  be  ex- 
tracted, but  which  plainly  difcovers  the  plant  from  which 
it  was  produced.  1  am  allured,  having  often  tried  it 
along  with  M.  Bucquet,  that  the  plants  deemed  the  mofi: 
inodorous,  as  the  mercury,  plantain,  &c.  yield  to  the 
water-bath  a  water,  which  fo  fenfibly  emits  their  fmell, 
that  the  one  cannot  be  diltinguiflied  from  the  other.  It  is 
true,  that  thefe  infipid  fpiritus  reftors  are  very  quickly 
decompofed,  and  part  with  the  fmall  odour  which  cha- 
racterises them.  They  are  altered,  ferment,  and  al- 
fo  pafs  to  the  acid  or  alkaline  ftate  according  to  their 
quality. 

There  is  an  art  founded  upon  the  method  of  extract- 
ing the  odorous  part  of  vegetables,  preferving  them,  and 
fixing  them  in  different  fubftances,  called  the  art  of  per  ^ 
fuming.    The  mofi:  part  of  its  properties  is  entirely 
chemical. 

Medicine  makes  great  ufe  of  diftilled  waters.  They 
have  virtues  different  according  to  their  nature  :  it  is 
only  thofe  diftilled  with  a  naked  fire  which  are  ufed,  as 
is  done  in  the  procefs  for  obtaining  the  eflential  oils. 
We  may  obferve,  that  this  manipulation  is  proper  in  the 
cafe  of  the  aromatic  eflential  waters,  but  that  it  is  de- 
fective in  regard  to  thofe  commonly  called  inodorous.  It 
is  our  opinion,  that  diftillation  in  a  balneum  marias  is 
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indefpenfably  requifite :  this  precaution  not  particu- 
larly attends  to,  they  have  a  burnt  or  empyreumatic 
itndl,  without  being  charged  with  that  of  the  plant. 
If  the  virtue  of  thefe  waters  refides  only  in  the  fpiritus 
rector,  however  weak  it  may  be,  it  is  certain  that  the 
manner  in  which  they  are  prepared  may  deprive  them 
of  all  the  properties  of  which  they  might  be  po&ffed. 

Of  Ref mous  faflammable  Juices. 
The  name  of  refms  has  been  bellowed  upon  dry  in- 
flammable matters,  immifcible  with  water,  foluble  in  oils 
and  in  fpirit  of  wine,  running  fluid  from  the  trees 
which  produce  them ;  thefe  matters  are  only  oils  which 
have  become  concrete  by  drying.  The  deference  be- 
tween balfams  and  refins  is  not  determined.  Some  give 
the  name  of  balfams  to  iluid  inflammable  fubftances  ; 
fome  of  them,  however,  are  dry.  Others  alfo  call  the 
inflammable  fubftances  the  molt  odorous.  M.  Bucquet 
has  thrown  great  light  upon  this  fubjedl,  by  giving  the 
name  of  balfams  only  to  thofe  of  thefe  combuftible 
fubftances  which  have  a  fweet  fmell,  which  they  can 
communicate  to  water,  and  which  particularly  contain 
the  odorous  acid  falts,  which  may  be  obtained  concrete 
by  fublimation,  or  by  decodtion  in  water. 

§  1.  Balfams. 

The  principal  kinds  of  balfams  may  be  reduced  to  the 
three  following : 

1.  Benzoin.  Two  kinds  of  this  are  diftinguiflied ; 
the  amygdaloide,  formed  of  white  tears  fimilar  to  al- 
monds, adhering  by  means  of  a  brown  juice.  The 
common  benzoin  is  brown  and  without  tears  ;  it  emits  a 
a  very  fweet  fmell  when  it  is  heated  or  rubbed.  The 
tree  is  unknown  which  furnifhes  it.  This  balfam  is  im- 
ported to  us  from  the  kingdom  of  Siam  and  from  the 
ifland  of  Sumatra.  It  yields  but  very  little  eflential  oil, 
on  account  of  its  folidity.  It  gives  out  to  water  an  acid 
fait  in  needles,  whofe  fmell  is  ftrong,  and  which  cryftal- 
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lizes  by  coohng.  It  is  extracted  alfo  by  a  fublimation. 
It  is  then  called  flowers  of  benzoin.  This  operation  is 
done  into  tw  1  glazed  earthen  veifds,  placed  one  above 
the  other.  The  fire  inuft  be  very  gentle,  otherwile  the 
fait  is  brown.  The  pafteboard  cone,  which  was  for- 
merly  employed,  allows  the  ditfipation  of  much  of  the 
flowers.  The  fmell  of  this  fait  is  (trong,  exciting  cuugh- 
ing:  its  taflc  is  acid:  it  reddens  the  fyrup  of  violets, 
and  effervefces  with  the  mild  alkalis.  Benzoin  in  a  re- 
tort yields  a  very  acid  phlegm,  a  concrete  brown  fait 
of  the  fame  nature,  a  brown  and  thick  oil  ;  the  char- 
coal remaining  contains  fixed  alkali. 

Benzoin  dilfolves  in  fpirit  of  wine  ;  and  its  tincture, 
precipitated  by  water,  gives  the  lac  virginale.  The  fait 
of  benzoin  is  employed  as  a  very  good  expectorant  and 
aperient  in  pituitous  difeafes  of  the  lungs,  kidneys,  &c. 
Its  oil  is  refolvent  j  it  is  ufed  externally  for  paralytic 
members. 

2.  Balfam  of  Tolu,  Peru,  Carthagena.  It  is  brought 
or  contained  in  the  cocoa  nut,  or  in  yellow  tears,  or  in 
a  fluid  (tate:  it  flows  from  the  toluifera,  placed  by  Lin- 
naeus in  the  decandria  monogynia.  It  may  be  extract- 
ed from  the  (hells  by  heating  them  in  boiling  water, 
which  renders  it  fluid.  It  comes  from  South  America, 
in  a  country  fituated  between  Carthagena  and  the  Name 
of  God,  which  the  inhabitants  call  Tolu,  and  the  Spa- 
niards Honduras.  When  analifed,  it  gives  the  fame 
products  as  benzoin,  and  particularly  a  concrete  acid 
fait :  it  is  employed  in  difeafes  of  the  lungs  :  a  fyrup 
is  made  with  it. 

3.  Storax  is  in  red  and  fmooth,  or  brown  and  greafy 
tears.  It  has  a  very  {trong  fmell ;  it  flows  from  the  ori- 
ental liquidambar,  a  plant  little  known.  M.  Duhamel 
faw  it  flow  from  the  aliboufier,  a  juice  of  a  fimilar  fmell. 
Newman  analyfed  (torax  ;  he  got  very  little  eflential  oil, 
a  concrete  acid  fait,  and  a  fat  oil.  Its  ufe  is  the  fame 
with  that  of  benzoin  j  it  is  employed  chiefly  as  a  per- 
fume. 

1  LEC- 
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LECTURE  XL1X. 
S  2.  Resins. 

T>  ESINS  differ  from  the  balfams  in  their  Ms  agree- 
[\  able  odour,  and  particularly  in  giving  no  concrete 
acid.    The  principal  kinds  are  the  following. 

1.  The  balfam  of  Mecca,  Judea,  Egypt,  Grand  Cairo. 
It  is  liquid,  white,  bitter,  of  a  very  ftrong  citron-fmell. 
It- flows  from  a  tree  called  amyris  opobalfamum,  arid 
claffed  by  Linnaeus  in  his  Oclandria  Monogynia,  and 
difcovered  in  Arabia  Felix  by  M.  Forfkahl.  This  bal- 
fam  yields  effential  oil  to  diftillation :  it  is  ufed  as  a  vul- 
nerary when  incorporated  with  fugar,  yolks  of  eggs,  &c. 

2.  The  balfam  of  copahu,  brown  or  yellow,  which 
flows  from  a  tree  called  copaiba,  and  called  by  Linnaeus 
copaife/a,  and  placed  by  this  botanift  in  his  Decandria 
Monogynia.  The  common  kind,  and  likewife  that 
of  the  balfam  of  Tolu,  is  a  mixture  of  true  balfam  of 
copaiba  and  of  turpentine,  according  to  Cartheufer.  It 
is  employed  in  ulcers  of  the  lungs  and  of  the  bladder, 
like  the  former. 

3.  Turpentine  of  Chio  flows  from  the  turpentine  tree, 
which  produces  the  piftachb  nuts ;  it  is  of  a  white  co- 
lour, or  of  a  yellow  inclining  to  blue.  It  yields  a  very 
fluid  effential  oil  in  a  balneum  marias  ;  that  which  it 
gives  with  the  naked  fire  is  lefs  fluid.  The  turpentine 
is  afterwards  more  yellow  :  if  it  is  diftilled  with  water, 
it  is  white  and  filky.  In  this  ftate  it  is  called  terebinthi- 
na  cocla.  This  is  rare,  and  of  almoft  no  ufe. 

4.  Venice  turpentine,  or  the  refm  of  the  larch-tree, 
is  what  is  commonly  employed  in  medicine.  It  is  ufed 
in  its  natural  ftate,  or  combined  with  the  fixed  alkali. 
This  combination  is  called  Starkey's  foap.  The  Paris 
difpenfatory  prefcribes,  for  its  preparation,  to  pour 
upon  half  a  pound  of  nitre,  fixed  by  tartar,  and  ft  ill 
hot,  four  ounces  of  effential  oil  of  turpentine  ;  to  agi- 
tate the  mixture  with  an  ivory  fpatula,  and  to  cover 
the  veflel  with  paper.    The  oil  is  gradually  added  till 
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the  whole  forms  into  a  white  mafs.  As  this  procefs 
takes  up  feveral  months,  chemifts  have  endeavoured  to 
find  out  a  more  expeditious  procefs.  M.  Roueile,  by 
triturating  the  alkali  drop  by  drop  with  the  oil,  and 
adding  a  little  water  near  the  end,  prepared  in  three 
hours  a  very  considerable  quantity  of  foap.  M.  Bau- 
m€  directs  bruifing  upon  a  porphyry  one  part  of  al- 
kali of  tartar,  dried  with  a  heat  nearly  fit  to  fufe  it, 
and  gradually  to  add  two  or  three  times  its  weight  of 
elfential  oil  of  turpentine.  When  the  mixture  has  ac- 
quired a  foft  confidence,  it  is  put  into  a  glafs  cucurbit 
covered  with  paper,  and  fet  in  a  moid  place.  In  five 
days  the  deliquefcent  alkali  forms  a  layer  of  a  liquor  at 
the  bottom  of  the  velTcl,  the  foap  is  in  the  middle,  and 
a  portion  of  oil,  which  has  acquired  a  red  colour,  fwims 
a-top.  M.  Baume  thinks,  that  the  alkali  unites  only 
to  the  portion  of  oil  which  is  in  the  Itate  of  refin.  M. 
le  Gendre  extends  this  idea,  by  propofing  to  faturaie 
in  the  cold  the  fixed  alkali  dilfolved  with  thickened  oil 
of  turpentine,  or  turpentine  itfelf.  This  foap  has  a 
certain  degree  of  folidity,  which  becomes  gradually 
more  confiderable  :  it  is  formed  of  cryflals,  which  have 
been  confidered  as  the  combination  of  the  acid  of  the 
oil  with  the  alkali ;  but  which,  according  to  the  Aca- 
demicians of  Dijon,  is  only  the  alkali  faturated  with 
aerial  acid  and  cryftallifed.  As  this  foap  is  very  ditfi- 
cult  to  make,  and  very  alterable,  M.  Macquer  thinks, 
that  when  we  wifli  to  unite  the  properties  of  the  efTential 
oils  with  thofe  of  foap,  it  is  better  to  incorporate  with 
the  white  medicinal  foap  a  few  drops  of  the  elfential 
oil,  whofe  effects  are  known.  The  pure  volatile  al- 
kali, triturated  with  turpentine,  forms  a  folid  foapy 
compound,  which  diffolves  very  well  in  water,  and 
renders  it  milky  and  frothy. 

5.  The  refin  of  the  fir-tree  is  called  turpentine  of 
Strafbourg.    It  is  collected,  by  piercing  the  vcficles  of 
the  bark*  of  the  fir-tree,  which  is  very  copious  in  the 
mountains  of  Switzerland. 

I  6.  Pitch 
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6.  Pitch  is  the  juice  of  a  kind  of  fir  called />/m7.  It 
is  got  by  inctfions  made  in  the  bark.  It  melts  with  a 
gentle  fire  :  it  is  fqueezed  through  linen  cloths,  and 
received  in  cafks.  This  is  the  BoUrgogne  pitch,  or 
white  pitch :  mixed  with  the  noir  de  fumce,  it  gives  the 
black  pitch.  When  it  is  long  kept  melted  with  vine- 
gar, it  dries,  becomes  brown,  and  forms  hard  refin. 
Its  groffeft  parts  are  burnt  in  a  furnace,  whofe  chimney 
ends  in  a  fmall  apartment  terminated  by  a  cone  of 
cloth.  In  this  cone  the  fmoke  is  condenfed,  and  forms 
a  fine  foot  called  noir  de  fumee. 

7.  The  refin  of  the  pine  which  yields  the  pine-apple. 
This  tree  is  cut  towards  the  bottom  ;  the  refin  flows 
out  into  troughs.  Thefe  incifions  are  continued  up- 
wards when  the  laft  yields  no  more  relin  When  it 
runs  fluid,  it  is  called  galipot ;  that  which  dries  upon 
the  tree  in  yellow  mafles  is  called  barras.  Thefe  jui- 
ces are  liquefied  in  pots,  and  then  they  are  thickened  by 
the  heat:  they  are  filtered  through  mats  of  draw,  they 
are  run  into  holes  made  in  fand,  they  are  formed  into 
loaves  called  black  pitch.  If  fome  water  is  interpofed, 
the  matter  becomes  white,  and  forms  refin  or  pitch- 
refin.  The  people  of  Provence  diftil  in  great  the  gali- 
pot ;  from  it  they  extracl  an  oil,  which  they  call  oil  of 
pitch.  It  is  from  the  roots  and  trunks  of  the  pine  that 
the  tar  is  prepared  ;  which  is  only  the  empyreumatic  oil 
of  this  fubftance.  The  wood  of  the  tree  is  put  in  a 
heap  and  covered  with  turf,  and  the  fire  applied.  The 
oil  which  the  heat  difefigages  not  being  able  to  pafs 
through  the  turf,  is  conveyed  into  a  bucket  by  means 
of  a  gutter,  and  is  collected  and  feat  to  market  by  the 
name  of  tar. 

.8.Tacamahaca,refina  elemi,  refina  animata,  are  little 
in  ufe  :  the  tree  which  yields  the  firlt  is  not  known. 
Elemi  comes  from  a  kind  of  amyris :  the  oriental  re- 
fm'a  animata  or  copal,  whofe  origin  is  not  known  ;  the 
weft  animata  or  courbaril,  which  flows  from  the  hy- 
Vol.  M«  S  menasa. 
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menaea,  a  tree^  of  South  America,  are  employed  in 
making  of  varnifhes. 

9.  Maftich  is  in  white  tears  like  corn,  of  a  weak 
fmell:  it  flows  from  the  turpentine  and  maftich  trees. 
It  is  ufed  as  an  aftringent  and  aromatic.  It  enters  into 
the  compofition  of  dry  varnifhes. 

10.  Sandarac  is  in  white  tears,  more  tranfparent  than 
thofe  of  maftich.  It  is  extracted  from  the  juniper-tree 
between  the  wood  and  the  bark  :  it  is  alfo  called  var- 
nijb,  becaufe  it  is  greatly  ufed  in  thefe  preparations.  It 
is  ufed  for  putting  upon  fcraped  paper,  to  prevent  its 
fucking  in  the  ink. 

11.  The  refin  of  guaiac,  which  is  greenifh,  is  em- 
ployed in  the  gout.  It  flows  from  the  guaiac-tree  by 
incifions. 

12.  The  labdanum,  or  refin  from  Candy,  is  blackifhJ 
The  peafants  collect  it  with  a  rake,  to  which  are  fixed  fe- 
veral  fkins  of  animals,  which  they  rub  upon  the  trees  :. 
they  form  it  into  kinds  of  cylinders,  called  labdanum  in 
tortis.  It  is  impure  from  a  great  deal  of  blackifh  fand.. 
It  is  ufed  as  an  aftringent. 

13.  Sanguis  draconis,  which  is  extracted  from  the 
dracscna  draco,  and  from  feveral  other  fimilar  trees. 
It  is  in  flat  or  round  leaves,  or  in  fmall  fpheres  inclo- 
fed  in  red  leaves,  and  knit  together  like  a  chapelet.  It 
is  ufed  in  medicine  as  an  aftringent. 

5  3.  Gum-refins. 

The  gum-refins  are  juices  mixed  with  refin  and  ex- 
tractive matter,  which  has  been  taken  for  a  gummy 
fubftance.  They  flow  by  incifion,  and  never  natural- 
ly, from  trees  or  plants,  in  the  form  of  fluids  like  an. 
emulfion,  white,  yellow,  or  red,  which  are  dried  more 
or  'lefs  eafily.  Water,  fpirit  of  wine,  wine,  vinegar, 
all  difTolve  only  a  part  of  the  gum-refins ;  they  differ 
in  the  proportion  of  refin  and  extract,  and  their  analy- 
fis  yields  very  various  refults.  The  moft  important 
kinds  to  be  known  are  the  fpllowing. 
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1.  Olibanum  is  in-yellow  tranfparent  tears,  of  a  very 
difagreeable>fmell.  *  What  tree  produces  it  is  not 
"known.  Diftillation  furnifhes  a  little  eflential  oil  and 
an  acid  fpirir,  and  leaves  a  very  confiderable  remain- 
der, owing  to  the  extractive  part  which  it  contains. 
It  is  ufed  as  a  refolvent  fumigation. 

2.  Galbanum  is  a  thick  juice,  of  a  brown  yellow 
and  of  a  naufeous  fmell.  In  Syria,  Arabia,  at  the 
Cape  of  Good  H^pe,  it  Hows  from  incifions  made  in  a 
plant  of  the  ferulaceous  kind,  called  bubon  galbanum, 
Diftilled  in  an  open  fire,  it  yields  a  blue  eflential  oil, 
which  after  that  becomes  red,  an  acid  fpirit,  a  weighty 
empyreumaric  oil.  It  is  a  good  deobfhuent  and  anti- 
fpafmodic. 

3.  Scammony  is  of  a  blackifh  grey,  of  a  ftrong  and 
naufeous  fmell,  of  a  bitter  and  very  acrid  tafte.  We 
diftinguifh  that  of  Aleppo,  which  is  the  pureft ;  and  that 
of  Smyrna  is  weighty,  black,  and  mixed  with  foreign 
fubflances.  It  is  extracted  from  the  convolvulus  fcam- 
monia  of  Linnaeus.  The  root  of  this  plane,  cut  and 
exprefled,  furnifhes  a  white  juice,  which  is  dried  and 
becomes  black.  Scammony  contains  a  various  quan- 
tity of  extract  and  of  refin,  according  to  the  different 
fpecimens  ;  the  caufe  of  very  different  effects  on  differ- 
ent conftitutions.  It  is  employed  as  a  purgative  in  the 
dofe,  of  four  grains  to  twelve  :  mixed  with  a  foft  ex- 
tract, as  that  of  the  liquorice,  it  forms  the  ordinary  di- 
agrede.  '1  he  juice  of  quinces  is  alfo  ufed  for  this  pur- 
pofe.  It  is  generally  administered  triturated  with  fugar 
and  fweet  almonds. 

4-  Gammboge  is'yellow,  reddifh,  without  fmell,  of 
a  very  acrid  and  corrofive  tafle.  It  comes  from  Siam, 
China,  Ifiand  of  Ceylon  :  it  is  extracted  from  a  large 
tree  little  known,  called  in  the  country  coddam  pull}., 
It  contains  a  great  deal  of  refm,  which  renders  it 
ftrongly  purgative  in  the  dole  of  four  or  fix  grains.  It 
ought  to  be  ufed  internally  with  the  greatefl  attention. 

5.  -Euphorbium  is  in  yellow  tears,  rotten  or  carious., 
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without  fmell.  It  flows  from  incifion  of  the  euphor- 
biiim,  which  grows  in  Ethiopia,  Lihya,  and  Maurita- 
nia ;  it  contains  a  very  acrid  refin,  and  is  ftrofigly 
purgative.  It  is  little  employed,  unlefs  externally  in 
carious  hones. 

6.  Afafcetida  is1  fometimes  in  yellowifh  tears,  and 
moft  commonly  in  loaves,  formed  of  different  aggluti- 
nated pieces.  It  is  remarkable  for  its  very  fetid  fmell 
of  garlic,  and  its  bitter  and  naufeous  tafte.  It  is  ex- 
tracted from  the  root  of  a  kind  of  ferula,  which  grows 
in  Perfia,  in  the  province  of  Chorafin,  and  which  Lin- 
naeus has  furnamed  afaftztida.  The  root  of  this  plant 
is  flefliy  and  fucculent ;  it  furnifhes  by  exprefiion  a 
white  juice  of  a  hideous  fmell,  which  the  Indians  eat 
as  a  feafoner,  and  which  they  call  meat  of  the  gods.  It 
is  ufed  internally  as  a-powerful  antifpafmodic,  and  ex- 
ternally as  a  difcutient. 

7.  Aloes  is  a  juice  of  a  deep  red  and  even  brown  co- 
lour, and  confiderably  bitter. 

Three  kinds  of  it  are  diftinguiihed ;  fuccotorine 
aloes,  hepatic  aloes,  and  caballine  aloes  ;  they  differ 
only  in  purity.  The  firft  kind  is  the  pureft.  M.  de 
Juflieu  has  feen  the  different  aloes  prepared  at  Morvie- 
dro  in  Spain  with  the  leaves  of  the  common  aloes.  In- 
cilions  are  made,  the  juice  is  allowed  to  flow,  decanted 
from  above  the  feculas,  and  infpiffated  in  the  fun's 
heat.  It  is  exported  in  leather  facks,  under  the  name 
of  fuccotrine  aloes.  The  leaves  are  expreffed,  the  juice  pu- 
rified by  repofe  and  dried:  and  this  is  the  hepatic.  Laftly, 
the  fame  leaves  are  more  ftrongly  expreffed,  and  the 
juice  mixed  with  the  leys  of  the  two  preceding;  and 
this  is  called  caballine  aloes.  The  firft  aloes  contains 
much  lefs  refin  than  the  two  laft,  which  are  much 
more  purgative.  The  fir  ft  is  ufed  in  medicine  as  a 
draftic  purge,  and  recommended  as  a  provoker  of  the 
xnenftrual  and  hemorrhoidal  fluxes.  It  is  recommend- 
ed likewife  as  a  very  excellent  hydragogue. 

p„  Myrrh  is  in  reddifh  brilliant  tears,  of  a  ffrong 
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very  agreeable  fmell,  a  bitter  tafte,  preferring  in  their 
fraclure  white  ^ines  of  the  form  of  claws.  Some  of  thefe 
tears  are  entirely  gummy  and  infipicj.  Myrrh  comes 
from  Egypt,  and  particularly  from  Arabia,  from  the 
country  of  Troglodytes.  The  plant  is  not  known  from 
which  it  is  obtained  :  it  contains  much  more  extract 
than  refin.  It  is  ufed  as  a  very  gqod  ftomachic,  anti- 
fpafmodic,  and  cordial.  M.  Cartheufer  recommends 
it  to  the  learned,  who  have  a  delicate  ftomach,  to  chew 
it,  and  fwallow  it  diluted  in  the  faliva.  It  is  ufed  in 
furgery  as  a  detergent,  and  to  flop  the  progrefs  of  gan- 
grene. 

9,  Gum  ammoniac  is  fometimes  in  white  tears  in- 
ternally, and  yellow  tears  externally,  and  frequently  in 
mafles  refembling  thofe  of  benzoin.  Their  white  co- 
lour and  fetid  odour  eafdy  diftinguHh  them.  It  is  fufpec- 
ted,  that  this  gum-refin,  which  is  imported  to  us  from 
Africa,  is  extracted  from  an  umbelliferous  plant,  on 
account  of  the  feeds  that  are  in  it.  The  phenomena  of 
the  folution  of  this  fubftance  by  water  and  fpirit  of 
wine,  and  particularly  its  inflammability,  affimilate  it 
to  the  refino-extra£Hves  of  M.  Rouelle. 

Gum  ammoniac  is  ufed  in  medicine  as  a  very  good 
deobftruent  in  obftinate  obftrudions.  It  is  exhibited 
in  the  dofe  of  a  few  grains  in  pills  or  emulfions :  it 
enters  alfo  into  the  compofition  of  feveral  difcutient  and 
refolvent  plafters. 

Of  the  elajlic  Gum  or  Caoutc-bouc. 

Elastic  gum  is  one  of  thofe  fubftances  whofe  na- 
ture it  is  difficult  to  determine  :  Although  its  combu- 
ftible  property,  part  of  which  is  extracted  in  America 
to  give  light,  feems  to  affimilate  it  to  the  refins,  itsela- 
fticity,  foftnefs,  and  infolubility  in  the  menftrua  which 
generally  diflblve  thefe  fubltances,  are  fo  many  charac- 
ters which  diftinguHh  it  from  them. 

The  tree  which  yields  it  grows  in  feveral  places  of 
America.    Long  incifions  are  made  in  its  bark,  fo  as 
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to  penetrate  the  wood :  the  white,  more  or  Iefs  fluidr 
juice,  is  received  into  a  veflel,  and  then  different  uten- 
Ms  are  formed :  it  is  applied  in  different  layers  upon 
moulds;  it-is  dried  in  the  fun  or  at  a  fire.  Different 
forms  are  marked  upon  it  with  a  (teel-rod  :  they  are 
expofed  to  ftnoke ;  and  when  they  are  very  dry,  the 
moulds  are  broken.  Such  is  the  formation  of  the  ela- 
ftic  gum  bottles  brought  into  Europe. 

The  veffels  which  are  made  with  this  fubftance  are. 
capable  of  containing  water  and  other  fluids  without  its 
being  affected.    When  it  is  cut  afunder,  and  the  fides 
of  the  pieces  applied  together,  ihey  join  and  unite  very 
firmly. 

We  are  unacquainted  with  the  action  of  the  fire  upon 
elaffic  gum;  we  know  only  that  it  foftens  and  kindles 
it. 

It  is  infoluble  in  wafer :  we  do  not  know  what  aclion 
the  faline  fubftances  have  upon  it.  M.  Macquer,  who 
tried  to  diffolve  it  in  different  menftrua,  found  that  fpi- 
rit  of  wine  had  no  aclion  upon  it,  as  Meffrs  Conda- 
mine  and  Frefneau  had  already  announced,  Academy 
1751  ;  but  that  the  oils  diffolved  it  by  means  of  heat. 
However,  as  his  intention  was  to  convert  it  into  a  liquid 
jflate,  fo  as  to  be  capable  of  being  made  ufe  of,  but 
to  reftore  its  properties  by  the  evaporation  of  the  fol- 
vent,  M.  Macquer  was  obliged  to  have  recourfe  to  ano- 
ther menftruum  than  the  oils ,  becaufe  thefe  matters, 
however  volatile,  always  altered  it,  and  remained  fixed, 
fo  as  to  deprive  it  of  its  elafticity  and  force.  Very 
highly-rectified  ether,  in  which  he  eafily  effected  its  fo- 
lution,  entirely  removed  thefe  objections  by  its  evapo- 
rability,  Acad.  1768  ;  and  though  this  liquor  was  very 
expenfive,  he  thought  it  right  to  mow  this  method  of 
.forming  very  ufeful  utenfils  ;  fuch  as  flexible  catheters,, 
by  applying  fucceflive  layers  of  this  folution  upon  a- 
wax  mould,  till'  they  are  of  the  thicknefs  defired.  When 
the  catheter  is  dry,  it  is  plunged  into  boiling  water, 
which  liquefies  the  wax.;  and  in  this  manner  the  wax  is 
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feparated  fror,  the  mould.  The  foftnefs  and  elafticity 
of  this  inftrument  render  it  very  ufeful  to  fuch  perfons 
as  are  forced  to  carry  about  it  continually- 
Such  was  the  knowledge  acquired  of  eladic  gum,  when, 
in  the  month  of  April  1781,  IVI.  Bernkfrd,  who  is  cele- 
brated for  his  accurate  performances,  inferted  in  the 
l'hyfical  Journal  a  very  good  paper  upon  this  angular 
Jubilance.  From  his  refearches,  this  chemilt  con- 
cludes, that  elaftic  gum  is  a  kind  of  particular  fat  oil, 
coloured  by  a  matter  foluble  in  fpirit  of  wine,  and  de- 
filed by  the  foot  of  the  fmoke  to  which  each  layer  is 
expofed  in  the  drying.  Water  does  not  at  all  alter  it. 
Spirit  of  wine  takes  its  colour  from  it  by  means  of  ebul- 
lition. The  cauitic  fixed  alkali  has  no  action  upon  it. 
The  oil  of  vitriol  reduces  it  to  a  coaly  ftate,  and  is  it- 
felf  blackened,  afluming  the  odour  and  volatility  of 
fulphureous  acid.  The  nitrous  acid  acts  upon  this  gum 
as  upon  leather,  and  turns  it  yellow.  Spirit  of  nitre 
very  readily  deftroys  it.  Marine  acid  alters  it  in  no 
fhape.  Rectified  vitriolic  ether  did  not  diflolve  it.  This 
fact  would  appear  fingular,  as  the  author  fays,  to  all 
thofe  who  are  acquainted  with  the  accuracy  and  veracity 
of  M.  Macquer.  Nitrous  ether  diflolves  it.  ThisfoJu- 
tion  is  yellow,  and  gives,  by  evaporation,  a  tranfpa- 
rent  friable  fubftance,  foluble  in  fpirit  of  wine :  in  a 
word,  a  true  refin,  formed,  according  to  the  author, 
by  the  action  of  the  nitrous  acid  upon  the  elaftic  gum. 
EiTential  oil  of  lavender,  and  that  of  fpikenard  and  tur- 
pentine, diffolved  it  by  means  of  a  gentle  heat :  but 
they  formed  gluey  fluids,  which  (luck  to  the  hands  more 
or  lefs ;  and  therefore  could  be  of  no  ufe.  A  folution  of 
eladic  gum  in  oil  of  fpikenard,  mixed  with  fpirit  of 
wine,  depofited  fome  white  flocci,  which  were  info- 
luble  in  hot  water,  fwam  upon  its  furface,  and  by  cool- 
ing became  white  and  folid  like  wax  -f  in  a  word,  a  true 
fat  concrete  oil. 

Oil  of  camphor  diffolves  elaftic  gum  by  mere  mace^ 
ration.    In  evaporating  the  folution,  the  camphor  is 
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volatilifed,  and  there  remained  an  amber-like  matter, 
of  a  folid  confidence,  and  almoft  not  gluey,  which' 
eafily  diflblved  in  fpirit  of  wine.  The  fat  oils  boiled 
upon  elaftic  gum  difiblve  it ;  wax  likewife  diflblves  it. 
This  fubflance  does  not  fuie  with  the  heat  of  boiling 
water ;  ^ut  when  expofed  to  the  fire  in  a  filver  fpoon, 
it  is  reduced  into  a  black. fat  oil  :  it  emits  white  va- 
pours ;  it  then  remains  fat  and  gluey  although  ex- 
pofed to  the  air  for  feveral  months,  and  does  not  re- 
fume  the  drynefs  and  elafticity,  which  are  fo  ufeful  for 
the  purpofes  to  which  it  is  deftined.  Laftly,  M.  Ber- 
niard  finijhed  his  experiments  upon  elaftic  gum  with 
expofmg  it  to  a  naked  fire.  From  an  ounce  of  this 
matter  he  obtained  very  little  phlegm  ;  an  oil,  at  firfl: 
clear  and  light,  then  thick  and  coloured;  andfome  vo- 
latile alkali ;  but  does  not  defcribe  the  quantity.  A 
coal  of  twelve  grains  weight  remained,  fimilar  to  that 
of  the  refms.  This  chemift  attributes  the  prefence  of 
volatile  alkali  to  the  foot  which  colours  the  elaftic 
gum. 

We  (hall  obferve,  upon  this  analyfis,  that  it  does  not 
very  exactly  demonftrate  the  nature  of  elaflic  gum,  as 
the  acids  in  their  action  upon  it  do  not  mow  the  fame 
upon  the  fat  oils,  which  is  much  more  rapid  ;  as  the 
cauftic  alkalis  do  not  convert  it  into  foap ;  as  it  fufes 
only  with  a  heat,  much  ftronger  than  that  which  is  ne- 
ceflary  to  melt  the  mod  folid  fat  oils ;  as  no  fat  oil  be- 
comes elaftic,  and  never  dries  like  it. 

Befides,  the  author  advances,  in  the  fifth  experiment, 
that  this  gum  is  compofed  of  two  diftinct  fubftances, 
•which  he  has  not  demonftrated  ;  and  he  concludes  with 
confidering  it  as  a  product:  of  human  induftry.  From 
all  thefe  reflections,  and  many  others  which  it  might  be 
poffiblc  to  make  upon  this  fubject,  otherwife  very  ex- 
cellently handled  by  M.  Berniard,  it  is  our  opinion 
much  ftill  remains  to  be  known,  as  he  has  faid  him- 
felf,  before  its  properties  are  fully  underftood,  and  be- 
fore its  nature  is  fully  determined. 
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LECTURE  L. 

Of  the  FeculjE  and  Faring. 

THE  juices  of  vegetables,  elaborated  in  their  vef- 
fels,  thicken,  and  are  gradually  depofited  upon 
the  furface  of  their  fibres,  for  their  nutrition  and 
growth  ;  or  they  accumulate  in  a  more  or  lefs  folid 
form  in  the  different  organs  which  compofe  them.  Af- 
ter having  fpoken  of  the  fluid  parts  of  thefe  organic 
fubftances,  it  is  neceffary  to  examine  the  fubftance 
which  forms  the  texture  of  their  different  folids.  It  is 
alio  of  great  importance  to  know  the  nature  of  all  the 
folid  matters  which  compofe  the  texture  of  vegetables  : 
however,  the  knowledge  acquired  upon  this  fubjecl 
feems  to  announce,  that  thefe  organs,  treated  by  the 
proceffes  which  we  are  going  to  defcribe,  are  reduced 
into  a  dry,  powdery,  infipid,  white  or  grey  fubftance, 
or  of  different  colours,  infoluble  in  cold  water,  and  as 
if  earthy,  called  fecula. 

This  fubftance  is  obtained,  by'  reducing  in  a  mortar 
a  root,  ftem,  leaf,  or  any  feed,  into  a  pulp.  When 
thefe  parts  are  fucculent,  they  may  be  treated  in  this 
way  without  addition  of  water  ;  but,  in  general,  this 
fluid  is  ufed  to  facilitate  the  feparation  of  the  fibres,  and 
to  carry  off  the  divided  powdery  portion  of  their  tex- 
ture. Thefe  parts  thus  reduced  into  a  pulp  are  ex- 
preffed  :  the  juice  or  the  water,  which  the  force  of  the 
prefs  fqueezes  out,  is  turbid,  white,  or  coloured,  and 
it  gradually  depofites  by  repofe  a  flocculent  matter,  in 
part  fibrous,  fometimes  powdery  ;  winch  is  the  true  fe- 
cula of  the  vegetable.  Some  parts  of  vegetables  ap- 
pear entirely  formed  of  this  matter  ;  fuch  are  the  feeds 
of  the  graminous  and  leguminous  plants,  the  tuberous 
roots,  &c.  Thefe  parts  furnifh  in  general  the  fineft 
and  mod  copious  fecula.  As  to  thc\ender  ftcms  and 
leaves,  their  more  fibrous  texture,  when  treated  by 
the  above-mentioned  procefs,  never  yields  any  but  a 
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coarfe  depofition,  which  is  coloured,  filamentous,  an 
is  called  coarfe  fecula.  If,  after  having  dried  them  well, 
they  are  powdered,  and  this  powder  is  wafhed,  the  wa 
ter  carries  off  a  much  more  fine  fecula,  perfe&ly  refem 
bling  that  of  the  tuberous  roots  and  graminous  feeds. 
To  the  eyes  of  a  chemift:,  then,  thel'e  two  genera  o 
fecuke  differ  only  in  this,  that  the  former  comes  from 
a  lefs  fibrous,  lefs  organifed  part,  as  if  formed  of  cells, 
in  which  nature  has  depofited  the  dry  or  farinaceous 
juice;  whilft  the  fecond,  of  a  fibrous  texture,  needs  to 
be  diforganifed  and  attenuated  by  art. 

All  the  loiids  of  vegetables  may  with  rigour  furnifh 
a  kind  of  fecula ;  but  as  fome  of  it  is  prepared  in  the 
arts,  pharmacy,  and  for  our  food,  it  is  that  chiefly 
which  we  fhall  confider.  The  fecula  of  briony,  pomme 
de  terre,  caffave,  fagou,  falep,  and  flarch,  are  chiefly 
made  ufe  of. 

T.  In  order  to  prepare  the  fecula  of  briony,  the 
roots  of  this  plant  are  taken  frefh,  the  bark  is  taken  off, 
they  are  filed  down,  and  fubmitted  to  the  prefs.  The 
juice  which  flows  is  white,  and  depofites  a  very  fine 
fecula.  The  juice  is  decanted  off  in  twenty-four  hours ; 
the  fecula  is  dried,  as  it  contains  a  certain  quantity  of 
extract  which  the  juice  has  left  in  it :  it  is  very  acrid, 
and  purges  violently  :  if  it  is  wafhed  before  drying,  it 
becomes  finer  and  whiter,  but  it  lofes  at  the  fame  time 
its  purgative  virtue.  This  manner  of  preparing  the  fe- 
cula of  briony  furnifhes  only  a  very  fmall  quantity  of 
it ;  but  more  of  it  may  be  got  by  applying  more  water 
to  what  remains  in  the  prefs,  by  pacing  this  water  thro5 
a  hair-fieve,  to  feparate  the  coarfe  fibrous  parts,  and 
allowing  the  fluid  to  fettle.  When  this  fecond  fecula 
is  depofited,  the  water  is  decanted,  and  the  depolition 
dried.  It  mult  be  obferved,  that  this  fecula,  obtained 
by  wafhing  the  rcfiduum  of  the  prefs,  is  not  purgative 
like  the  firft ;  becaufe  the  water  has  carried  away  the 
extractive  part  poficfling  this  virtue.  M.  Baume  has 
obferved,  that  the  fecula  of  briony,  well  wafhed,  is 
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abfolutely  fimi'ir  to  ftarcb,  and  that  a  powder  for  pow- 
dering the  hair  might  be  made  from  it,  which  would 
make  great  faving  of  wheat.  In  the  fame  way,  for  the 
ufe  of  medicine,  is  prepared  the  fecula  of  the  roots  of 
colt's-foot  and  fword-grafs. 

2.  The  pommes  de  terre  are  one  of  the  moft  ufeful 
alimentary  fubltances,  on  account  of  their  abundance 
and  fertility.  A  very  great  quantity  of  very  fine  white 
fecula  is  eafily  procured  from  them,  which  furnifhes  a 
light  food  by  baking  and  boiling  in  water.  This  fe- 
cula is  obtained  by  filing  fome  of  them  above  a  fieve, 
and  pouring  upon  them  a  great  quantity  of  water.  This 
fluid  carries  along  the  mod  fine  and  divided  portion  of 
the  fecula,  and  is  allowed  to  depofite  by  repofe :  the 
water  is  decanted,  the  fecula  dried  with  a  gentle  heat ; 
then  it  is  in  an  extremely  fine  very  white  and  light 
powder. 

3.  The  Americans  extract  from  the  root  of  a  very 
acrid  plant,  called  manefe,  a  very  fweet  nourifhing  fe- 
cula, which  they  call  caJJ'ave.    They  take  off  the  fkin 
from  the  root ;  they  file  it,  and  put  it  into  a  conical 
rum  bafket,  of  a  very  loofe  texture,  which  they  fufpend 
by  means  of  a  (tick  placed  upon  two  wooden  refls.  To 
the  extremity  of  this  bafket  they  fix  a  very  weighty 
veffel ;  which  by  its  weight  expreifes  the  root,  and  re- 
ceives the  juice  which  flows  out.    This  is  a  very  acrid 
and  dangerous  poifon.    When  the  fecula  is  well  pref- 
fed,  and  deprived  of  all  the  juice  which  it  contained,  it 
is  expofed  to  fmoke  to  dry  it,  and  paffed  through 
a  fieve  :   it  then  forms  the  catfave.    This  farina  is 
ipread  upon  a  hot  iron-plate  in  order  to  be  baked  ;  and 
it  is  turned,  in  order  to  give  its  two  furfaces  the  red- 
difli  yellow  colour  which  announces  the  baking  :  in  this 
itate  it  is  called  loaves  ohojjave.  By  hea'ing  it  in  a  bafon, 
and  agitating  it  from  time  to  time,  it  alTumes,  upon 
drying,  the  form  of  grains,  which  are  called  couac. 
From  the  expreflcd  juke  a  very  fine  fweet  fecula  is  pre- 
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cipitated,  called  mouffache^  which  is  employed  in  paftry 
work. 

4.  The  fagou  is  a  dry  fecula,  reduced  into  grains  by 
the  action  of  the  fire,  which  is  imported  from  the  Mo- 
lucca  Iflands,  Java,  and  the  Philippines.  It  is  extract- 
ed from  a  kind  of  palm,  called  ladan>  in  the  Moluccas. 
The  trunk  of  this  tree  contains  a  fweet  marrow,  which 
the  inhabitants  extract  after  the  trunk  is  felled.  They 
bruife  this  marrow,  and  put  it  into  a  kind  of  cone  or 
funnel,  made  of  the  bark  of  a  tree,  and  laid  upon  a 
hair-fieve  ;  they  wafli  it  with  plenty  of  water,  which 
carries  through  the  holes  of  the  fieve  the  fineft  and 
whitefl:  portion  of  the  marrow ;  the  fibrous  portion  re- 
mains upon  the  fieve.  The  water  which  is  charged 
with  the  moll  attenuated  part  is  received  into  pots,  and 
gradually  depofites  the  fecula  which  difturbed  its  tranf. 
parency.  The  clear  water  is  decanted  off,  and  the  de- 
pofition  paffed  through  perforated  copper  plates,  which 
give  it  the  form  of  fmall  grains  called  fagou  ;  the  red 
colour  at  their  furface  is  owing  to  the  acYion  of  the  fire, 
which  ferved  to  dry  them.  This  kind  of  fecula  dif- 
folves  in  hot  water,  and  forms  with  milk  or  broth  a 
fort  of  light  agreeable  jelly,  which  is  much  recommend- 
ed in  phthifical  complaints. 

5.  Salep,  falop,  falab,  &c.  is  the  root  of  a  kind  of 
orchis,  prepared  in  the  Eaft  Indies.  They  pick  out  the 
fineft  bulbs  of  this  plant,  take  off  their  bark,  macerate 
them  in  cold  water,  and  boil  them  \  then  they  are  tied 
together  when  they  are  well  drained,  and  dried  in  the 
air.  M.  Jean  Moult  gave  another  procefs  for  the  pre- 
paration of  falep',  which  may  be  made  with  all  kinds  of 
orchis.  The  roots  are  rubbed  to  drynefs,  or  in  water 
with  a  brufli,  to  carry  off  the  external  pellicle,  and  then 
let  to  dry  in  an  oven  :  they  become  very  hard  and  very, 
tranfparent.  However,  they  may  very  eafily  be  redu- 
ced into  powder  ;  and  this  powder,  warned  in  hot  wa- 
ter, forms  a  nourifhing  jelly,  of  whofe  virtue  Geoffroy 
greatly  boafted  in  all  the  difeafes  depending  upon  an 
•  acrimony 
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acrimony  of  the  lymph,  and  particularly  in  the  phthifis 
and  bilious  dyfentery. 

Starch,  properly  fo  called,  is  a  fecula  abfolutely  like 
the  preceding  ;  but  as  the  farina  of  wheat,  of  which  it 
mokes  one  of  the  conftituent  parts,  is  one  of  the  mod 
important  fubftances,  and  worthy  of  chemical  notice,  * 
we  mall  dwell  a  little  longer  upon  this  fecula  than  upon 
the  reft. 

What  is  called  farina  is  in  general  a  dry,  friable,  in- 
fipid  fubftance  ;  fufceptible  of  tafte  and  folubility  by  the 
action  of  fire,  and  formed  of  matters  eafily  feparated 
from  each  other.  This  fubftance  refides  in  the  grami- 
nous  feeds ;  and  particularly  in  wheat,  rye,  oats,  rice, 
Indian  corn,  &c.  The  leguminous  feeds  feem  alfo  to 
contain  a  compound  analogous  to  the  farina:  however,  it 
is  only  the  farina  of  wheat  which  enjoys' the  truly  defi- 
rable  properties  of  this  fubftance,  becaufe  it  alone  con- 
tains a  juft  proportion  of  the  different  fubftances  whofe 
mixture  gives  rife  to  thefe  properties.  Although  the 
ceconomical  ufe  of  the  farina  of  wheat  be  eftablifhed  as 
the  beft  nourifhment  from  time  immemorial,  it  is  but  a 
fhort  time  fince  it  was  attempted  to  be  chemically  ana- 
lifed.  M.  Beccari,  an  Italian  phyfician,  and  M.  Keyf- 
ic  11  Meyer  in  Germany,  are  the  fir  ft  who  endeavoured 
to  feparate  its  different  component  parts.  Meflrs  Rouelle, 
Spielman,  Malouin,  Parmentier,  Poulletier  de  la  Salle, 
and  Macquer,  have  refumed  the  tafk,  and  pufhed  the 
matter  much  farther  than  they  had  done.  From  their 
tfifferent  researches,  and  from  our  own  experiments, 
we  fhall  deliver  what  is  to  be  faid  upon  the  fubject. 

Water  is  the  molt  proper  agent,  which  is  the  leaft 
capable  of  altering  the  different  matters  which  it  carries 
along  with  it,  or.  which  it  feparates  according  to  the 
laws  of  their  folroility.  This  fluid  is  alfo  the  moft  fuc- 
ceisfully  employed  in  obtaining  the  different  matters  of 
which  the  farina  of  wheat  is  compofed.  For  this  pur- 
pofe  we  form  a  parte  with  fome  farina  and  water.  We 
fqueeze  this  pafte  above  a  veffel,  and  placed  under  another 

vefiel, 
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vefiel,  which  lets  fall  upon  it  a  continued  ftream  of 
water :  this  fluid,  in  its  dcfcent,  carries  along  with  it  a 
very  fine  white-  powder,  which  renders  it  milky :  the 
procefs  is  thus  continued,  till  the  water  which  falls  upon 
the  pafte  goes  clear  into  the  vcffel.  Then  the  farina  i] 
found  fcparated  into  three  fubltances ;  a  greyifh  elaflic 
matter,  which  remains  in  the  hand,  called  the  glutinous 
part,  or  vegeto- animal  part,  on  account  of  its  proper- 
ties ;  a  white  powder,  depofited  by  the  water,  that  'is 
the  fecula  or  (larch  ;  and  a  fine  matter  in  folution  in  the 
water,  which  appears  to  be  a  kind  of  mucous  extract, 
i-et  us  proceed  to  the  properties  of  each  of  thefe  three 
i'ubftances. 

§  I .    Of  the  glutinous  part  of  the  Wheat. 

The  glutinous  part  is  a  tenacious,  ductile,'and  elafiic 
matter,  of  a  whitifh  grey.  When  it  is  drawn  out,  it 
extends  about  twenty  times  the  length  it  was  before, 
and  feems  to  be  compofed  of  fibres  or  filaments,  adhe- 
ring fidewife,  according  to  the  direction  in  which  it  has 
been  drawn.  Upon  letting  it  loofe,  when  extended,  it 
refumes,  by  its  elafliicity,  its  former  volume.  By  in- 
creafing  its  dimenfions,  it  may  be  made  to  imitate  fuffi- 
ciently  well,  by  means  of  its  poliihed  furface,  the  tex- 
ture of  animal-membranes.  In  this  (late  it  firmly  ad- 
heres to  dry  bodies,  and  forms  a  very  tenacious  glue, 
employed  by  fome  in  the  junction  of  broken  porcelain, 
a  long  time  before  the  chemical  means  of  obtaining  it 
was  known. 

Its  fmelf  is  fweet,  as  if  mucous ;  its  tafte  is  fiat :  ex- 
pofed  to  a  fire  which  is  capable  of  drying  it  quickly,  it 
bubbles  up  prodigioufly.  It  dries  very  well  with  a  dry 
air  or  with  a  gentle  heat ;  then  it  becomes  femitranfpa- 
rent,  hard,  and  brittle,  like  comm<#  glue  ;  it  breaks 
like  it,  clean  and  with  a  crack. 

If  in  this  ftate  it  is  put  upon  a  burning  coal,  or  above 
the  flame  of  a  candle,  it  exhibits  all  the  marks  of  an 
animal-fubftance  j  it  leaps  about,  bubbles  up,  liquefies, 
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is  agitated,  and  h urns  like  a  feather  or  horn,  emitting 
a  ftrong  fetid  fmell.  Diftilled  in  a  retort,  it  yields,  as 
all  animal-fubftances  do,  fome  alkaline  fpirit,  concrete 
volatile  alkali,  and  an  empyreumatic  oil :  its  coal  is 
very  difficult  cf  incineration,  and  gives  no  fixed  alkali. 

Frefh  gluten,  expofed  to  a  hot  moift  air, 'changes 
and  putrefies  in  the  fame  way  as  the  animal-parts: 
When  it  ftill  retains  a  little  ftarch,  this  laft  pafTes  to  the 
acid  fermentation,  retards  and  modifies  the  putrid  fer- 
mentation, and  converts  it  into  a  ftate  very  like  cheefe. 
In  like  manner,  M.  Rouelle  prepared  with  gluten  a 
cheefe,  remarkably  fimilar  in  fmell  and  tafte  to  thofe 
of  Gruyre  and  Holland,  of  a  moderate  finenefs. 

Water  has  no  action  upon  the  glutinous  part :  when 
it  is  boiled  in  this  fluid,  it  becomes  folid  ;  it  lofes  its 
elafticity  and  gluey  quality  ;  but  it  acquires  neither  tafte 
nor  folub'ility  in  the  faliva.  We  obferve,  however,  that 
it  is  to  the  water  which  forms  the  pafte  that  the  gluten 
owes  irs  folidity  and  elafticity ;  and  in  the  farina  this 
vegeto-animaJ  portion,  fufceptible  of  afiuming  a  folid 

lie  form,  was  powdery,  and  not  cohefive  :  but  as 
fome  water  was  poured  upon  the  farina,  and  it  is  mix- 
ed, thefe  molecules,  which  mould  poffefs  the  glutinous 
portion,  abforb  this  fluid,  turn  gluey  by  this  means, 
and  form  at  laft  the  kind  of  elaftic  folid  which  is  called 
gluten.  -Water,  then,  contributes  greatly  to  the  forma- 
tion of  this  fubftance ;  and  this  fubftance  fnould  be  per- 
haps confidered  as  a  particular  compound,  which  is  fa- 
turated  with  water,  and  which  can  ^abforb  no  more. 
It  is  true,  that  by  depriving  it  of  water  by  exficcation, 
it  totally  lofes  its  elaftic  and  gluey  property. 

The  molt  part  of  the  faline  fubftances  have  a  more  or 
lefs  remarkable  action  upon  gluten.  The  fixed  alkali  by- 
means  of  heat  diflfolves  it.  This  folution  is  troubled,  »nd 
depoiits  fome  gluten,  not  elaftic,  by  the  addition  of  acids. 

The  mineral  acids  diflblve  the  gluten.  The  nitrous 
acid  diffolves  it  with  great  activity,  emitting  a  great 
quantity  of  nitrous  gas.    This  folution  is  yellow  3  that 
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by  the  marine  and  vitriolic  acids  is  of  a  violet  brown. 
A  kind  of  oily  matter  feparates  from  thefe  folutions : 
the  gluten  is  in  a  true  ftate  of  ilecompofition. 

M.  Poulletier,  to  whom  we  owe  all  thefe  nice  expe- 
riments, difcovered  that  ammoniacal  falts  might  be  ex- 
traded  from  thefe  combinations  diffolved  in  water,  fpi- 
rit  of  wine,  digefted  and  evaporated  in  the  open  air. 
This  difcovery  feems  to  prove,  that  the  volatile  alkali  is 
ready  formed  in  the  gluten. 

From  what  has  been  faid  it  appears,  that  it  is  entirely 
different  from  any  fubrtance  we  as  yet  know  in  vege- 
tables ;  and  it  approaches  in  many  characters  to  the  fi- 
brous part  of  the  blood.  It  is  this  gluten  which  gives 
the  farina  of  wheat  the  property  of  forming  a  very  pliant 
parte  with  water,  and  the  facility  with  which  it  rifes.  It 
ieerns  not  to  exift,  or  at  lead  to  exift.  in  very  hmll 
quantity,  in  other  farinas ;  fuch  as  thofe  of  rye,  oats, 
French  corn,  rice,  &c.  all  of  which  form  folid  partes, 
brittle,  and  not  ductile,  and  which  rife  only  very  little, 
or  not  at  all,  when  expofed  only  to  the  temperature  which 
makes  the  parte  of  the  farina  of  corn  to  rife.  In  this 
laft  alone,  then,  are  to  be  really  found  all  the  necefiary 
qualities  for  making  good  bread. 

M.  Rouelle  junior  fays,  that  he  found  a  glutinous 
fubrtance,  analagous  to  that  of  the  farina  of  wheat,  in 
the  green  feculae  of  plants,  which,  in  their  analyfis, 
yield  volatile  alkali,  and  empyreumatic  oil,  as  the  glu- 
tinous part,  of  which  we  have  juft  now  {poke. 

§2.    Of  the  Starch  of  Wheat. 

Starch,  or  the  amylaceous  matter,  is  the  mo  ft  copi- 
ous part  of  the  farina;  it  is  it  which  precipitates  from 
the  water  which  carries  it  almig  with  it,  when  we  warn 
the  parte  with  a  view  of  obtaining  the  gluten  pure. 
T*his  fubftance  is  very  fine,  foft  to  the  touch  :  it  has  no 
fenfible  tarte.  It  is  of  a  grey  white  colour,  and  dirty 
when  extracted  in  the  manner  defcribed ;  but  the  rtarch- 
makers  render  it  extremely  white,  by  leaving  it  among 
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an  acid  water,  \^liich  they  name  aqua  ccrta.  From  the 
refearches  of  M.  Poulletier  it  appears,  that  the  fermen- 
tation which  is  excited  in  this  fluid  whitens  and  purifies 
the  ttarch,  by  attenuating,  and  even  destroying,  the 
mucous  extractive  part  which  precipitates  with  it  in 
the  firlt  water.  Starch,  chemically  considered,  is  a 
mucilage  of  a  particular  nature.  This  mucilage,  which 
has  been  confidered  falfely  as  an  earth  by  fome  cfye- 
inifi:s,  greatly  differs  from  the  glutinous  part.  It  burns 
without  emitting  an  empyreumatic  odour  like  this  laft. 
Diftilled  in  an  open  fire,  it  yields  an  acid  phlegm  of  a 
brown  colour,  and  a  very  thick  empyreumatic  oil  to- 
wards the  end  of  the  procefs.  Its  coal  is  very  eafily  in- 
cinerated ;  in  which  ltate  it  is  found  to  contain  fome 
fixed  alkali. 

Starch  is  not  foluble  in  cold  water ;  but  when  it  is 
made  to  boil  in  water,  it  forms  a  glue,  or  rather  what  is 
called  /larch.  This  laft,  expofed  to  the  moift  air,  gra- 
dually lofes  its  confidence,  ferments,  pafTes  o  the  acid 
er  men  cation,  and  is  covered  with  mouldinefs. 

The  action  of  the  ialino*rfub(tances  upon  (larch  has 
lot  yet  bBfttcxamined  ;  but  the  account  now  given  of 
ts  propertie^nay  fuffice  to  d'uTinguifli  it  from  the  glu- 
inous  part.  jSWfte  white  feculse  above  defcribed  are 
)f  the  fame  nature  with  the  amylaceous  matter. 

As  (larch  forms  the  greater!  part  of  the  farina,  there 
:an  be  no  doubt  but  that  it  is  the  principal  alimentary 
ubftance  in  bread.  M.  Beccari  found,  that  the  quant- 
ity of  the  glutinous  part  was  from  a  fifth  to  a  third, 
,nd  even  more  ;  and  that  this  quantity  varies  according 
he  qualities  of  the  farina,  which  depend  upon  the  kind 
if  ear  that  furnifhed  it,  and  according  to  the  qualities 
vhich  this  laft  receives  from  the  earth  and  from  the  at- 
nofpherc. 

§  3.    Of  the  mucous  extractive  part  of  the  Farina. 

Upon  evaporating  the  clear  water  which  ferved  to 
vam  the  pafte  and  depofite  the  ftarch,  M.  Poulletier 
Vol.  II.  T  ob- 
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obtained  a  matter  of  a  brown  yellow,  vifcous,  gluey, 
pitchy,  whofe  tafte  was  very  weekly  faccharine.  This* 
fubftance,  which  this  learned  man  called  tnucofo fac- 
charine, exhibited  in  its  combuftion  and  diftillation  all 
the  phenomena  of  It  is  it  which  excites  the  i 

acid  fermentation  in  the  water  which  fwims  above  the 
ftarch  ;  fince,  as  M.  Macquer  has  very  well  obfervedj 
this  lad  is  by  no  means  foluble  in  cold  water.  The 
mucofo-faccharine  matter  is  only  in  very  fmall  quantity: 
in  the  farina  of  wheat  :  perhaps  there  are  other  farina?' 
in  which  it  is  more  copious.    It  cannot  be  doubted, 
however  fmall  the  quantity  of  this  fubftance  be  in  the * 
farina  of  wheat,  but  that  it  has  a  principal  mare  in  the'] 
particular  fermentation  which  takes  place  in  the  pafte, 
and  which  makes  it,  rife.    This  motion,  neceffary  for 
the  formation  of  good  bread,  is  {till  little  known  in  its' 
nature.    It  feems  that  this  can  be  only  a  beginning  of 
the  putrid  fermentation  in  the  gluten,  the  acid  in  the 
itarch,  and  perhaps  the  fpirituous  in  the  mucous  faccha- 
rine matter;  perhaps  from  thefe  three  commencing  fer- 
mentations, which  mutually  oppofe  each  other,  the  mix--' 
tu re  little  known  arifes,  which  is  much  lighter  than  the 
pafte,  and  which  by  baking  forms  bread.  Thisis  fo  far  cer- 
tain, that  in  bread,  the  three  fubfta'nees  juft  now  exa- 
mined are  found  combined  together,  and  fo  altered  that 
they  cannot  be  feparated.    The  action  of  heat  is  even 
fufficient  without  the  motion  of  fermentation  to  combine 
and  alter  thefc  iubflances,  in  luch  a  way  that  the  baked 
bread,  without  being  railed,  furniflies  no  more  glutinous, 
part,  according  to  M.  Malouin. 

From  thefe  details,  we  fee  how  far  the  other  farinac, 
except  thofe  of  wheat,  and  ftill  more,  how  far  the  fruits 
or  the  leguminous  and  farinous  feeds,  fuch  as  the  beans, 
peafe,  chefnuts,  &c.  are  from  pofl't  fling  all  thq  qualities 
ueccflary  for  the  formation  of  good  bread. 
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Of  the  Colouring  Parts  of  Vegetables. 

Vegetables  contain  colouring  parts  in  all  their  or- 
gans. Thefe  parts  greatly  differ  from  one  another;  fre- 
quently a  vegetable  matter,  which  has  no  apparent  co- 
lour, aiTumes  a  very  remarkable  one  by  certain  men- 
flrun.  The  art  of  dyeing,  all  whole  proceffes  are  en- 
tirely chemical,  is  founded  upon  the  fdlubility  of  the  co- 
louring parts  in  the  different  menlhrua,  upon  the  manner 
of  applying  them  to  the  fubftances  to  be  dyed,  and  of 
rendering  them  fixed  and  tenacious  in  them.  In  exa- 
mining the  properties  of  each  colouring  matter,  we  (hall 
have  occafion  to  fpeak  of  the  principles  of  this  impor- 
tant art,  of  which  Meffrs  Hellot,  Macquer,  le  Pileur 
d'Apligny,  Hequet  d'Orval,  Quatremere  Dijonval,  and 
l'Abbe  Mazeas,  have  given  fo  excellent  defcriptions. 

It  appears,  that  the  colouring-matter  of  vegetables, 
properly  fo  called,  is  not  yet  known.  M.llouellefuppofed 
that  the  green  part,  fo  copious  in  the  vegetable  king- 
dom, was  analogous  to  the  gluten  of  the  farina :  but  it 
is  certain,  that  this  matter  prefents  different  chemical 
characters,  according  to  the  bafe  to  which  it  is  united. 
It  is  then  this  bafe,  rather  than  the  colouring  part  itfelf, 
which  we  would  with  to  talk  of,  in  faying,  that  fuch  or 
fuch  a  colour  is  extractive,  fuch  another  refinous.  The 
real  fubitance  which  colours  each  of  the  vegetable  parts 
employed  in  the  arts,  is,  no  queflion,  a  very  fubtile  bo- 
dy, and  perhaps  as  divided  as  the  principle  of  fmell. 
One  might  be  led  even  to  believe  it  is  only  particularly 
modified  in  the  folid  and  liquid  parts  of  vegetables. 

It  is  requifite  to  relate  here,  that  the  colour  of  vege- 
tables depends  entirely  upon  the  contact  of  light.  Might 
we  fuppofe  then,  that  it  is  a  portion  of  this  fluid  which 
combines  with  the  humours  of  vegetables  ?  Phyfics  and 
chemiftry  are  flill  very  inadequate  for  the  refolution  of 
this  problem.  However  it  be,  as  it  is  impoffible  to  fe- 
parate  entirely  the  colouring  part  of  the  vegetable  bafe, 
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to  which  it  adheres,  it  is  agreed  to  take  both  thefe  fub- 
ftances together  for  the  colouring  part. 

M.  Macquer  has,  more  diftinctly  than  all  the  chemifts,- 
defcribed  the  colouring  part  of  vegetables,  confidered 
relatively  to  dyeing;  and  his  theory  upon  the  application 
and  fixation  of  the  colours  in  the  fubftances  to  be  dyed, 
is  without  contradiction  the  mod  fatisfa&ory.  As  our 
intention  is  to  unite  this  theory  with  the  hiftory  of  the 
colouring  parts  of  vegetables,  we  mall  confider  them  re- 
latively  to  thefe  laft  properties. 

r.  A  great  number  of  vegetable  parts,  which  are  ex- 
tractive or  foapy,  diffolve  very  eafily  in  water.  Mad- 
der, dyer's-weed,  logwood,  Indian-wood,  Brafil-wood, 
furnilh  yellow  or  red  colours  of  this  kind.  It  is  known 
that  (lulls  dyed  with  thefe  colours  Ihould  lofe  their  dye 
in  water  :  for  that  reafon,  to  render  thefe  colours 
durable,  a  matter  is  ufed  capable  of  fixing  them  by 
decompofing  them ;  as  an  acid  fait,  fuch  as  red  tartar, 
alum,  and  feveral  others.  Thefe  falts  are  faid  to  to  be 
eating.  An  uncombined  acid  would  have  the  fame  ef- 
fect, but  it  would  alter  the  colouring  part.  The  fuper- 
abundant  portion  of  acid  in  the  alum  unites  with  the 
alkali  of  the  colouring  foapy  extract,  and  precipitates, 
upon  the  body  which  is  dyeing,  the  refinous  part  which 
is  infoluble  in  water.  However,  this  colouring  portion, 
rendered  infoluble  by  alum,  is  of  two  kinds  ;  the  firft  is 
'very  folid,  and  rends  in  the  free  air  the  foaps  and  all 
the  proofs  ufed  in  dyeing. 

This  firft  colour  gets  the  name  of  good  or  great  dye. 
The  other  is  altered  by  the  air,  and  particularly  by  the 
action  of  the  proofs:  it  is  called  falfe  or  [mall  dye.  It 
niufl  be  obferved  that  it  is  wool  which  aflumes  the  belt 
colour;  and  then  filk,  cotton,  hemp,  and  flax,  are 
the  fubftances  which  are  dyed  with  more  and  more 
difficulty,  and  which  retain  lefs  ftrongly  the  colouring 
fubftances. 

The  authors  who  have  treated  of  dyeing,  have  enter- 
tained different  opinions  upon  the  manner  in  which  the 
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colouring  parts  are  applied  to  the  fubftances  expofed  to 
their  contact.  Several  have  imagined,  that  this  took 
place  only  on  account  of  the  pores  of  the  fubftances  to 
be  dyed,  which  are  more  or  lefs  great,  and  more  or  lefs 
numerous  ;  and  that  wool  afTumed  more  colour  than 
filk,  only  becaufe  its  pores  were  more  open  and  more 
numerous.  But  M.  Macquer  thinks,  that  this  ap- 
plication which  is  more  or  lefs  eafy,  depends  on  the 
nature  of  the  colouring  part  relative  to  the  matter  to 
be  dyed  ;  and  that  the  colouring  is  a  true  painting, 
whofe  fuccefs  and  adherence  is  owing  to  an  affinity,  and 
to  an  intimate  union  between  the  colour  and  the  dyed 
lubftance.  This  celebrated  chemift  adopted  this  opi- 
nion from  the  great  number  of  experiments  which  he 
made  upon  this  art,  which  is  much  indebted  to  his  dif- 
coveries. 

2.  There  is  another  clafs  of  colouring  fubftances, 
which  feem  to  be  compounds  of  foapy  extracts  and  re- 
fins.  M.  Macquer  calls  them  refino-earthy.  When 
thefe  fubftances  are  boiled  in  water,  the  refinous  matter 
which  they  contain  diftufes  through  the  fluid  by  means 
of  the  heat  and  diflblved  foapy  portion  ;  but  it  is  preci- 
pitated in  proportion  as  the  decoction  or  bath  cools. 
When,  then,  any  wool,  or  any  other  matter,  is  plunged 
into  the  decoction  of  a  colouring  mixture  of  this  kind, 
the  refin  precipitates  by  cooling,  and  is  applied  without 
any  other  preparation  to  thefe  fubftances.  As  it  is  not 
foluble  in  water,  it  gives  a  colour  of  a  good  dye.  The 
colouring  parts-of  this  nature  are  extracted  from  almoft 
all  aftringent  vegetables ;  fuch  as  the  fhell  of  walnuts, 
the  root  of  the  walnut-tree,  fumac,  the  bark  of  the  alder- 
tree,  faunders,  &c.  Thefe  colours  are  all  yellow  : 
the  dyers  call  them  colours  from  roots.  They  ferve  for  the 
moft  part  to  form  a  very  good  coat  upon  which  the  o- 
ther  more  brilliant  cdlours  are  applied.  It  mult  alfo  be 
remarked,  that  the  colouring  ingredients,  which  require 
rio  preparation  neither  for  themfelves  nor  for  the  mat- 
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ters  to  be  dyed,  furnifh  the  kind  of  dyeing  which  is  the 
mo(t  fimple  and  mod  eaiily  practifed. 

3.  The  colouring  principle  of  feveral  other  fubftances 
rcfules  in  a  purely  refinous  matter,  infoluble  in  wa- 
ter. Some  of  thefe  fubftances  are  not  even  foluble  in 
fpiritof  wine,  but  all  are  in  the  alkalis,  which  convert 
them  into  a  kind  of  foapy  ftate,  and- render  them  foluble 
in  water. 

The  principal  colours  of  this  nature  which  are  em-| 
ployed  in  dyeing  are  the  following  : 

a.  Annotto,  a  kind  of  fecula,  which  is  extracted  by 
maceration  from  the  feeds  of  the  urucu  purified  in  wa- 
ter. This  fecula  is  depofited  during  putrefaction  :  it  is 
fir  ft  red,  but  in  time  becomes  of  a  brick  colour.  This 
pafte  is  wafhed  in  water  with  the  alkali  of  afhes  of  tartar, 
which  we  (hall  know  very  foon,  and  the  fubftances  to 
be  dyed  are  plunged  into  this  bath.  A  fine  gold  yellow 
or  an  orange  colour  is  produced. 

b.  The  flower  of  fafflower  or  baftard  faffron,  gives  a 
very  fine  red  colour  by  the  fame  procefs.  This  flower 
contains  two  diftinct  colouring  parts  ;  the  one  purely 
extractive  and  foluble  in  water ;  the  other  refmous.  To 
obtain  this  laft,  firft  the  foluble  part,  mull  be  extracted 
by  accurate  warnings  in  water  ;  then  it  is  mixed  with 
tartar-allies  or  foe'a  ;  the  mixture  is  wafhed,  and  thus 
ufed  for  thctincture.    But  as  the  alkali  alters  and  tar- ' 

'nifhes  its  colour,  the  dyed  matter  is  fteeped  in  water 
rendered  acid  by  the  juice  of  citrons :  this  acid  feizes 
upon  thfi  alkali,  and  leaves  the  colouring  matter,  which 
it  enlivens  and  converts  to  a  red. 

Archil  is  a  palle  which  is  prepared  from  moffes, 
which  are  macerated  in  urine  and  lime.  This  laft  dif- 
engages  the  volatile  alkali,  which  evolves  the  red  co- 
lour. The  archil  diluted  in  water  gives  a  tincture  with- 
out any  other  preparation  :  the  alkalis  extract  a  violet 
colour ;  but  it  is  a  falfe  teint :  it  is  altered  by  the  air, 
and  the  acids  turn  it  yellow. 

d3  Indigo,  whofc  blue  is  deep,  violet,  and  as  if  cop- 
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pery,  is  a  fecula,  which  is  prepared  at  St  Domingo 
and  the  Antilles,  by  macerating  in  (tone-troughs  filled 
with  water  the  ftems  of  the  indigo-tree  oranillo.  lhc 
water  becomes  blue ;  the  ftems  are  ftruck  ftrongly,  and 
the  fecula  precipitates.  The  indigo,  precipitated  from, 
the  water,  is  put  into  {training-bags  to  drop  through ;  it 
is  then  dried  in  fmall  wooden  boxes,  and  broken  into 
pieces  when  dry.  It  is  confidered  as  good  when  it 
fwims  upon  water  ;  and  it  burns  entirely  away  upon  a 
red  iron.  The  colouring  part  is  extracted  by  the  alka- 
lis, and  it  is  applied  to  the  fluffs,  requiring  no  kind 
of  preparation  :  the  colour  cannot  be  enlivened  by  the 
acids,  which  would  alter  the  colour  of  the  ftuffs. 

^.  There  are  feveral  colouring  parts  that  are  foluble 
in  oils.  Alkanet,  or  the  red  root  of  a  kind  of  buglofs, 
communicates  its  colour  to  oil.  Spirit  of  wine  alio  dif- 
folves  fome  :  the  green  feculre  are  diffolved  in  it  as  well 
as  in  oil. 

It  is  eafy  to  conceive,  that  no  ufe  of  thefe  colours  can 
be  made  in  dyeing,  becaufe  it  is  impofiible  to  employ  the 
fubftances  which  are  necelfary  for  extracting  them. 

Such  is  our  principal  knowledge  of  vegetable  colours. 
Hence  it  refults,  that  all  the  immediate  principles  of  ve- 
getables may  be  the  bafe  of  thefe  colouring  parts  ;  fince 
fome  are  found  foapy,  refinous,  and  extractive.  Some 
feem  to  be  even  of  the  nature  of  fat  oils,  fince  they  are 
infoluble  both  in  water  or  in  fpirit  of  wine,  whilft  they 
difl'olve  very  well  in  the  alkalis.  Laftly,  there  are  fome 
analogous  to  the  glutinous  part,  according  to  M.  Rou- 
elle.  There  is  great  room  to  believe,  that  experiments 
made  upon  this  fubject  will  bring  to  light  feveral  other 
properties  in  thefe  matters,  which  are  very  abundant  in 
vegetables ;  and  they  will  contribute  to  the  progrefs  of 
dyeing,  one  of  the  arts  to  which  chemiftry  may  be  of 
the  greateft  fervice. 
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L  E  C  T  U  R  E  LI. 

Tj-ie  Analysis  of  Plants  with  the  Nakeb* 

El  RE. 

A  FTJiR  having  examined  all  the  matters  which 
jt\.  may  he  extracted  from  vegetables  by  fimple 
means,  incapable  of  producing  in  them  any  change^ 
and  after  having  confidered  thefe  matters  as  their  im- 
mediate principle,  it  is  neceffary  to  take  a  view  of  thi 
alterations  which  they  may  undergo  from  the  fire. 

Ancient  chemilts  knew  little  more  than  this  fort  of 
vegetable  analyfis  ;  and  all  their  inveftigations  of  the 
nature  of  thefe  fubltances  confided  in  determining 
how  much  fpirit,  oil,  and  volatile  fait,  they  gave  to  diftik 
lation.  At  prefent  we  have  loft  all  confidence  in  this 
means ;  we  know  only  that  alrnoff.  all  plants  yield 
nearly  the  fame  products :  and  the  diitillation  of  a  great 
number  of  thefe  bodies  performed  by  chemifts,  in  other 
refpects  very  valuable  and  interefting,  has  ferved  only 
to  deceive  us  in  this  analyfis.  For  how  is  it  to  be  con- 
ceived, that  the  action  of  the  fire,  which  is  exerted  upon 
alll  the  different  principles  contained  in  vegetables,  fuch 
as  the  extract,  mucilage,  oil,  rcfin, .  faline  matter,  and 
which  decompofes  each  of  thefe  principles  in  a  particu- 
lar manner,  is  able  to  throw  any  light  upon  the  nature 
and  quantity  of  thefe  principles ;  particularly  when  we 
obferve  that  the  products  of  thefe  different  decompos- 
itions mutually  combine  and  produce  a  new  body,  which 
did  not  exift  in  the  vegetable  before  ?  The  analyfis  of 
vegetables  in  a  retort,  is  then  a -complicated,  falle,  and 
deceiving  analyfis. 

However,  as  in  the  chemical  examination  of  any 
body,  no  means  mould  be  neglected  which  art  furnifhes 
in  the  difcovery  of  its  nature,  rccourfe  may  be  had  to 
this  analyfis,  with  a  view  of  observing  its  effects,  well 
aware  not  to  truft  too  much  to  this  kind  of  inveftigation. 
It  fometimes  even  happens,  that  when,  in  procefies  per- 
formed in  order  to  know  its  chemical  properties,  we  com- 
pare 
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pare  the  efTefts  of  the  aqueous,  oily,  and  fpirituous  men- 
ftrua  upon  it,  with  the  alterations  which  they  undergo 
on  the  part  of  the  fire,  thefe  agree  with  the  action  of 
the  lolvents;  and  by  the  product  of  diftillation,  indicate 
the  matter  contained  in  the  vegetable  in  more  or  lefs 
quantity,  the  nature  of  its  fait,  &c.  But  in  order  to 
perform  this  part  of  the  analyfis  with  the  naked  fire, 
we  muff,  1.  Fully  know  the  action  of  the'fire  upon  each 
immediate  principle  of  vegetables,  fuch  as  the  extract, 
the  mucilage,  the  faline  matter,  the  oily  juices,  fluid  or 
dry.  2.  We  muft  compare  the  produces  of  diftillation 
of  the  vegetable  entire,  with  thofe  which  the  immediate 
principles  commonly  yield  when  treated  in  the  fame 
way.  3.  We  muff  analyfe  at  the  fame  time  the  vege- 
table by  menftrua,  in  order  to  difcover  the  immediate 
principles,  and  to  draw  ufeful  inductions  upon  the 
changes  which  the  fire  produces. 

The  procefs  necefiary  for  diftilling  vegetables  with  the 
naked  fire  is  yery  eafily  performed  and  fimple.  Into  a 
retort  of  glafs  or  earth,  we  put  a  given  quantity  of  the 
dry  vegetable:  we  take  care  to  fill  it  only  a  half  or  two- 
thirds;  we  place  it  in  a  reverberatory  furnace,  and  ad- 
juft  a  proper  receiver.  A  receiver  perforated  with  a 
lm all  hole  was  formerly  recommended,  with  a  view  of 
giving  vent  to  any  air  which  might  be  difengaged  from 
the  vegetable,  and  which  endangers  the  rupture  of  the 
velfels.  Now  we  know,  that  the  aeriform  fluid  which 
efcapes  from  thefe  bodies  in  diftillation,  is  ahnoft  never 
any  other  air  but  aerial  acid  or  inflammable  gas.  There- 
fore as  thefe  fluids  are  as  much  the  product  of  the  vege- 
table, decompofed  by  the  action  of  the  fire,  as  the 
phlegm,  the  oils,  and  volatile  falts,  it  is  as  important  to 
collect  them  as  thefe  laft  :  for  this  end  we  fhould  ufe  a 
perforated  receiver  with  a  crooked  fyphon  adapted  to  it, 
whofe  extremity  is  received  in  a  vefiel  full  of  water  or 
rather  of  mercury.  By  this  means  the  liquid  products 
are  collected  in  the  recipient,  and  the  aeriform  fluids  in 
the  pneumato-chemical  apparatus.  When  the  fubftance 
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which  we  are  diflilling  is  fufceptible  of  furnifhing  a  con- 
crete fait,  we  atljufl:  between  the  retort  and  the  reci- 
pient another  vefiel,  upon  whole  fides  the  fait  fublimes. 
In  this  kind  of  diflillation  the  fire  fliould  be  gradually 
and  cautioufly  raifed  to  obtain,  the  products  in  the  or- , 
der  of  their  volatility,  and  to  prevent  our  confounding 
them.    We  begin  with  a  few  coals  placed  under  the 
retort,  and  gradually  augment  the  heat  till  the  retort  is 
red  and  nothing  more  paffes  over.  We  leave  all  to  cool, 
and  then  unlute  the  apparatus  to  examine  the  products 
obtained-    Though  the  diflillation  of  vegetables  with 
the  naked  fire  always  yields  us  products  upon  which  we 
cannot  fully  rely;  thefe  products,  however,  differ  from, 
one  another  materially  enough  to  demand  a  careful  di- 
flincYion.    What  paffes  firfl  is  an  aqueous. liquor  char- 
ged with  fome  odorous  and  faline  principles.  This 
phlegm  affumes  from  lefs  to  more  colour  and  faline 
properties.  To  it  a  coloured  oil  fucceeds,  whofe  colour 
deepens  as  the  diflillation  advances,  and  which  at  the 
fame  time  acquires  confidence  and  weight.    This  oil 
is  fometimes  light  and  fluid,  at  other  times  weighty  and 
fufceptible  of  folidity.   It  conflantly  emits  a  flrong  em- 
pvreumatic  fmell;  at  the  fame  time  a  greater  or  lefs 
quantity  of  elaftic  fluids  is  difengaged,  which  are  either 
aerial  acid  or  inflammable  gas,  and  moft  commonly 
both  mixed  together.    At  this  time  alfo,  the  volatile 
'  fait  fublimes  when  the  vegetable  is  of  a  nature  to  fur- 
nifh  it.    When  all  thefe  matters  are  palled,  the  vege- 
table is  reduced  to  a  charry  flate.    Let  us  refume  each 
of  thefe  products,  and  fee  what  their  nature  is,  and  to 
what  fubflances  they  owe  their  formation. 

The  phlegm  is  owing  to  the  water  in  the  compofirion 
of  the  vegetable,  and  in  part  to  the  water  of  vegetation, 
particularly  when  the  analyfed  body  is  not  entirely  di*y  ; 
it  is  more  or  lefs  copious,  in  proportion  as  the  ve- 
getable has  fuffered  a  greater  or  lefs  degree  of  exficca- 
tion.  This  phlegm  is  coloured  more  or  lefs  red,  from 
the  fmall  quantity  of  oily  matter  which  it  carries  over 
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with  it,  and  which  is  in  a  foapy  ftate,  by  means  of  the 
lalt,  which  it  generally  holds  in  fulution.  The  faline 
matter  which  is  united  with  it  is  molt  commonly  acid  ; 
on  that  account  it  generally  reddens  the  fyrup  of  vio- 
lets, and  effervefces  with  mild  alkalis.  This  acid  be- 
longs to  the  mucilages  and  to  the  oils.  Sometimes  the 
phlegm  is  alkaline  ;  as  in  the  diftillation  of  the  nitrous 
cruciform  plants,  emulfive  and  farinous  feeds.  Fre- 
quently it  is  ammoniacal,  becaufe  the  volatile  alkali 
which  fucceeds  the  acid  combines  with  it.  This  fact 
is  confirmed  by  throwing  a  little  fixed  alkali  or  quick- 
lime into  the  phlegm.  When  it  is  ammoniacal,  a  brifk 
fmell  of  volatile  alkali  flics  off.  Although  the  acids  of 
vegetables  appear  not  to  be  all  of  the  fame  nature,  thofe 
which  are  obtained  in  folution  exhibit  the  fame  exter- 
nal marks  ;  but  they  have  not  yet  been  fufficiently  exa- 
mined to  determine  the  nature  of  their  properties  ex- 
actly. The  oils  of  vegetables  obtained  by  diftillation  in 
a  retort  are  all  very  odorous,  high-coloured,  and  prefent 
quite  the  fame  properties.  The  parts  of  vegetables 
which  contain  a  great  quantity  of  thefe  inflammable 
fluids,  fuch  as  the  emulfive  feeds,  yield  in  their  analyfis 
a  great  quantity  of  oil.  The  odorous  plants  furnifh  one 
which  retains  a  fmall  portion  of  their  fmell  in  the  begin- 
ning of  diflillatiort,  but  which  very  foon  affumes  the  cha- 
racters of  all  thefe  oils,  that  is,  the  colour,  weight,  and 
cmpyreumaiic  fmell,  which  diftinguifh  them.  All  thefe 
fluids  are  very  inflammable;  nitrous  acid  kindles  them  -y 
they  diffolve  in  fpirit  of  wine  ;  and  all  refemble  the  ve- 
getable from  which  they  are  procured.  By  rectifica- 
tion they  may  all  be  rendered  very  fluid  and  light,  cc- 
lourlefs  ;  in  a  word,  in  the  ftate  of  etherial  or  effential 
oils. 

As  to  the  volatile  fait,  which  is  only  fome  mild  vola- 
tile alkali,  it  is  obtained  from  only  a  few  vegetables; 
but  we  mud  not  believe,  as  fome  chemifts  have  advan- 
ced, that  it  is  extracted  only  from  the  cruciform  plants. 
In  general,  all  the  plants  which  contain  a  great  quantity  of 

nitre, 
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nitre,  fixed  alkali,  and  oil,  furnifh  it  more  or  lefs.  It 
is  very  rare,  however,  that  we  obtain  a  certain  quan- 
tity or  it  in  a  concrete  (late  ;  frequently  it  is  difiblved  in 
the  laft  portions  of  phlegm.  This  fait  appears  to  be  ow- 
ing to  the  reciprocal  action  of  the  oil  and  of  the  fixed 
alkalijj  and  on  this  account  it  for  the  mod  part  does  not 
pafs  over  till  about  the  end  of  the  diftillation.  It  feems 
alfo,  that  that  which  is  carried  over  by  the  phlegm  in  the 
analyfis  of  fome  plants,  as  the  cruciform  ones,  the  poppy, 
•rue,  is  always  the  product  of  a  new  combination  ;  fince 
M.  Rouelle  junior  has  demonftrated,  that  the  firft  con- 
tain none  of  it  in  their  natural  ftate. 

The  elaflic  fluids  which  are  difengaged  during  the 
diftillation  of  vegetables,  mould sbe  reckoned  alfo  among 
the  number  of  products.  It  appears  that  their  nature 
depends  upon  that  of  the  vegetable.  A  plant  which 
contains  a  great  deal  of  oily  combuftible  fluids  yields 
inflammable  gas.  Mucilages,  again,  yield  aerial  acid. 
We  have,  in  the  article  Sugar,  obferved,  that  Meffrs 
Bergman  and  Fontana  extracted  from  its  acid  a  great 
quantity  of  fixed  air ;  and  this  laft  chemift  believed 
that  the  vegetable  acids  were  formed  in  great  part  of 
this  elaftic  fluid.  It  is,  then,  not  aftonifhing  that  the 
mucilages,  in  which  M.  Bergman  found  the  fame  acid 
as  in  fugar,  yield  in  their  analyfis  aerial  acid.  Thefe 
aerial  fluids  pafs  over  only  towards  the  end  of  the  di- 
ftillation, becaufe  they  are  difengaged  only  the  inftant 
that  the  vegetable  is  entirely  decompofed.  Hales,  who 
was  unacquainted  with  their  nature,  obferved,  that  the 
quantity  of  air  difengaged  during  the  diftillation  of  ve- 
getables, was  fo  much  the  greater  the  more  folid  the 
vegetables  were ;  and  confequently  he  confidered  this 
element  as  the  cement  and  the  caufe  of  the  folidity  in 
bodies.  From  thefe  confiderations  we  have  juft  now 
delivered,  it  is  evident  how  much  we  fhould  value  this 
hypothcfis. 
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Of  Vegetable  Charcoal. 

Charcoal  is  the  black  refiduum  which  vegetables 
leave,  after  they  have  undergone  a  complete  decompo- 
fition  of  their  volatile  principles  in  clofe  veffels.  The 
property  of  yielding  charcoal  belongs  only  to  the  orga- 
nic matters,  which  contain  the  combuftible  fubftance 
called  oil.  To  the  decompofition  of  this  laft  fub- 
ftance we  afcribe  exclufively  this  formation  of  this  fub- 
ftance. 

The  coal  is  in  general  black,  brittle,  fonorous,  and  of 
little  folidity.  It  retains  the  form  of  the  vegetable,  when 
this  has  been  very  confident,  and  when  it  contained  but 
little  fluid  matter.  If,  on  the  contrary,  we  decompofe 
a  tender  plant,  and  one  which  contains  a  great  deal  of 
juice,  this,  in  its  difengagement,  deftroys  the  organic 
texture,  and  yields  a  friable  coal,  which  does  not  exhi- 
bit the  form  of  the  decompofed  vegetable.  The  differ- 
ent vegetable  matters  furnilh  coals  more  or  lefs  copious, 
according  to  the  folidity  or  form  of  their  texture.  The 
woods  yield  much  more  than  the  herbs,  the  gums 
more  than  the  refins,  and  thefe  laft  more  than  the  fluid 
oils. 

Charcoal  is  a  fubftance  enjoying  very  fingular  pro- 
perties, which  are  in  general  little  known.  Although 
it  is  very  important  in  chemiftry,  and  prefents  ex- 
ceedingly particular  phenomena,  no  chemift  has  yet 
undertaken  to  inveftigate  its  nature.  Stahl  confidered 
it  as  the  principal  focus  of  phlogifton  ;  and  he  is  the 
chemift  who  has  faid  moft  upon  the  fubjecl.  Our 
knowledge  of  the  properties  of  charcoal  belongs  almoft 
entirely  to  the  ceconomical  ufe  which  we  are  obliged  to 
make  of  it ;  and  the  works  of  philosophers  upon  it  offer 
nothing  complete. 

Charcoal,  as  to  its  phyfical  properties,  differs  accor- 
ding to  the  ftate  and  nature  of  the  vegetables  employed 
for  its  formation.  It  is  fometimes  hard,  and  then  pre- 
ferves  a  part  of  the  organifation  of  the  vegetable ;  at 

other 
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other  times  it  is  friable,  and  powdery.  The  pure 
oils  yield  one  which  is  in  very  fine,  as  if  porphyrifed, 
grains :  it  is  the  black  of  fmoke.  From  the  fame  cir- 
cumftances  alio,  it  varies  in  weight.  When  it  is  well 
made,  it  has  neither  a  fenfible  tafte  nor  fmcll.  Its  co- 
lour alio  follows  the  varieties  of  its  other  phyfical  pro- 
perties. In  a  word,  it  is  of  a  more  or  lefs  deep  black, 
brilliant  or  unpolifhed.  But  the  moft  important  exami- 
nation of  this  product  of  fire  concerns  its  chemical  pro- 
perties. 

Charcoal,  expofed  to  the  moft  violent  fire  in  clofe 
veffels,  is  nowife  altered.  If  it  is  heated  in  a  pneumato- 
chemical  apparatus,  it  yields  fome  particular  inflam- 
mable gas,  of  which  we  mall  take  more  notice  after- 
wards :  it  is  in  no  degree  altered  in  this  experiment. 
If,  on  the  contrary,  it  is  heated  with  the  contact  of  the 
air,  then  it  burns,  and  is  confumed  into  cinders ;  but 
with  particular  phenomena,  which  it  is  requifite  care- 
fully to  diftinguifh  from  thofe  of  the  other  combullible 
bodies.  As  foon  as  it  kindles,  it  reddens  and  flames  : 
it  prefents  a  white  flame,  which  is  the  larger  the  greater 
the  mafs.  It  emits  no  kind  of  fmoke  :  in  the  atmofphere, 
of  which  it  abferbs  a  part  of  the  pure  air,  it  emits  a  va- 
pour or  deftruCtive  gas,  which  appears  to  be  only  ae- 
rial acid  :  laftly,  it  gradually  confumes,  and  leaves  a 
more  or  lefs  white  cinder,  in  part  faline,  and  in  part 
earthy.  The  different  charcoals  vary  in  their  inflam- 
mability ;  and  this  is  alfo  the  moft  ufeful  diftinclion  in 
the  arts :  fome  eafily  burn  with  flame,  and  are  foon 
confumed  ;  others  are  kindled  with  difficulty,  confume 
only  flowly,  and  are  converted  into  cinders  only  after 
they  have  been  red  a  very  long  time. 

The  combuftion  of  charcoal  has  been  explained  very 
differently  by  different  chemifts.  Stahl  thought  that  it 
was  owing  to  the  difengagement  of  phlogiiion.  M.  Mac- 
quer  has  adopted  this  opinion  j  adding,  that  the  pure  air 
is  abforbed  at  the  fame  time  that  the  phlogifton  is  diilipa- 
ted.    "What  is  more  ftriking  in  this  phenomenon  is, 
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the  fmall  quantity  of  refiduum  which  is  left  after  com- 
bination :  it  feems  that  all  this  fubltance  entirely  evapo- 
rates ;  and  this  is  probably  what  happens.    M.  Lavoi- 
fier,  no  doubt,  (truck  with  this  important  fact,  thought 
he  might  advance,  in  a  very  good  paper  upon  Combu- 
ition,  Acad.  1777,  that  charcoal  appropriates  to  itfelf 
the  bale  of  the  air,  and  forms  with  it  an  acid  fui  generis , 
which  is  fixed  air  or  aerial  acid ;  whilft  the  portion  of  the 
matter  of  fire,  which  was  the  folvent  of  this  bafe,  is  dif- 
engaged,  and  prefented  under  the  form  of  flame  and  of 
light,  which  is  proper  to  it.    According  to  this  opinion, 
the  aerial  acid  is  a  combination  of  charcoal  with  the 
bafe  of  air  *.    With  regard  to  our  own  opinion  of  the 
matter,  we  adopt  a  theory  which  we  think  more  fimple  : 
The  inflammable  gas,  difengagedin  great  quantity  from 
the  charcoal,  combines  with  the  dephlogifticated  air  of 
the  atmofphere,  and  forms  the  aerial  acid,  which  feems 
to  be  only  a  combination  of  thefe  two  bodies.  Thus 
inflammable  gas  is  to  aerial  acid  what  fulphur  is  to  the 
vitriolic  acid,  and  nitrous  gas  to  the  nitrous  acid.  This 
agrees  fo  much  the  better  with  the  fads,  as  inflammable 
gas  of  charcoal  precipitates  lime-water  when  it  is  made 
to  burn  above  this  fluid,  and  appears  really  converted 
into  aerial  acid,  by  being  combined  with  the  pure  air 
during  irs  combuftion.     This  fact,  which  1  have  often 
obferved,  and  communicated  to  M.  Bucquet,  appeared 
to  me  very  proper  to  favour  the  doctrine  which  I  have 
prefented  upon  the  nature  of  inflammable  gas  and  of  aerial 
acid  ;  and  1  have  had  the  pleafure  of  feeing  it  confirmed 
by  M.  Lavoifier,  in  his  paper  upon  Pyrophyrus,  Acad. 
1777,  of  which  I  had  no  knowledge  before  its  publica- 
tion.   However,  let  the  caufe  be  what  it  may,  of  the 
phenomena  of  this  combuflion,  and  the  hypodieiis  ad- 
opted  in  confequence  of  this  caufe,  the  fails  prefented 

are 

*  We  muft  here  refer  to  this  chemift'a  theory,  who  confidera 
pure  or  dephlogifticated  air  as  formed  of  a  bafe  united  with  the 
matter  of  fire,  which  give3  it  the  aggregation  of  an  elailic  fluid. 
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are  no  lefs  true ;  and  thefe  alone  iftufl  command  atten- 
tion. 

Charcoal  expoftd  to  the  air  attracts  its  humiditv  ; 
probably  bccaufe  it  is  very  porous,  and  perhaps  alio  on 
account  of  the  falts  which  it  contains,  although  thefe 
falts  are  not  uncombined.  Water  alters  it  in  no  man- 
ner  whatever  ;  nor  does  it  fuffer  any  change  from  the 
earthy  matters :  but  almoft  all  the  faline  fubdances  are 
fufceptible  of  acting  upon  it.  M.  Rouelle  found,  that 
the  fixed  alkali  diflblved  a  confiderable  quantity  of  it  by 
fufion. 

The  vitriolic  acid  decompofes  it  in  clofe  veffels,  ac- 
cording to  M.  Baume,  when  a  mixture  of  them  are  di- 
ftilled  to  drynefs. 

The  nitrous  acid  acts  upon  it  in  a  much  more  rapid 
manner.  DrPrieftley  obferved,  that  a  great  quantity 
of  nitrous  gas  was  difengaged.  M.  Macquer  obferved 
the  nitrous  acid  made  a  very  fenfible  efFervefcence  with 
this  body  by  means  of  a  certain  degree  of  heat.  M. 
Prouft  fet  on  fire  fome  charcoal  by  means  of  a  nitrous 
acid,  which  weighed  one  ounce  four  gros  and  twenty- 
three  grains  in  a  bottle  which  contained  an  ounce  of 
diftilled  water.  The  experiments  of  this  chemift  are 
fo  new  and  fo  important,  that  I  think  it  properto  give 
his  own  words  of  them,  as  he  has  defcribed  them  in 
his  Obfervations  upon  the  pyrophori  of  Alum,  inferted 
in  the  Journal  of  Medicine  July  1778. 

"  A  charcoal,  extracted  from  the  wild  faffron,  re- 
duced to  powder,  and  recently  calcined,  occalioned  a 
vivid  detonation  with  nitrous  acid,  and  the  rapidity  of 
the  inflammation  railed  the  powder  with  a  very  pretty 
effett.  I  calcined  fome  very  fine  powder  of  ordinary 
charcoal,  and  the  detonation  fucceeded  very  well. 

"  I  introduced  about  a  gros  of  powder  of  charcoal  into 
a  dry  retort  of  glafs.  I  then  poured  into  it  about  a  gros 
of  nitrous  acid  :  it  had  no  fooner  got  to  the  bottom  of 
the  retort,  than  the  detonation  took  place  with  the 
greateft  rapidity :  from  the  neck  of  the  retort,  whillt 
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rlh  my  hand,  iffued  a  flame  more  than  four  inches  long, 
!  which  brought  with  it  fome  powder,  and  very  deep  co- 
loured vapours  of  nitrous  acid.  Thefe  vapours  con- 
denfed  into  a  green  liquor,  not  very  fuming  :  it  was 
the  nitrous  acid,  weakened  by  the  water,  which  en- 
tered into  the  compofuion  of  that  which  firft  detonated. 
I  poured  lbme  frefh  nitrous  acid  upon  the  charcoal 
which  remained  in  the  retort ;  I  likewife  kindled  it  when 
I  had  poured  on  all  the  quantity. 

"  I  repeated  this  experiment  with  the  black  of  cal- 
cined frnoke  :  the  fame  thing  happened  ;  only  a  very 
fmall  portion  of  cinder  was  found  in  the  retort,  fome- 
times  half  vitrefied,  and  adhering  to  the  bottom  of  the 
retort. " 

All  charcoals  are  generally  charged  with  a  great 
quantity  of  humidity.  It  appeared  to  me,  that  calcined 
charcoal,  kept  from  night  to  morning,  was  not  more 
proper  for  thefe  detonations ;  becaufe  it  was  fenfibly 
moillened  in  this  fpace  of  time.  But  what  is  molt  fin- 
gular,  is,  that  thefe  experiments  are  capricious,  and  do 
not  always  fucceed,  although  with  the  fame  charcoal, 
the  fame  acid,  and  the  fame  proportion.  The  beft  way 
of  affuring  fuccefs  feems  to  be,  if  we  pour  fome  acid 
upon  the*  middle  of  the  powder,  it  does  not  kindle ;  if, 
on  the  contrary,  the  acid  is  allowed  to  flow  round  the 
fides  of  the  crucible  or  capiule,  and  it  reaches  the  bot- 
tom, the  detonation  goes  from  this  point,  the  powder 
is  raifed,  and  kindled  by  the  nitrous  acid  :  when  the 
nitrous  acid  comes  to  fail,  the  detonation  ceafes  of  it- 
felf,  and  the  coal  which  furrounds  it  remains  black. 

We  are  not  acquainted  with  the  acYion  of  the  other 
acids  upon  charcoal. 

This  body  decompofes  by  means  of  heat  all  vitriolic 
falts,  and  forms  fulphur  with  their  acid. 

It  makes  nitre  detonate  ;  which  con  fumes  it  by  means 
of  the  pure  air  which  it  iurnimes  by  the  a&ion  of  the 
acid. 

In  chemiftry  and  pharmacy,  a  preparation  is  made 
Vol.  II.  U  called 


2p3 


LECTURES  ON 


called  nitre  fixed  by  charcoal  Two  parts  of  nitre  and? 
one  of  powdered  charcoal  are  mixed  together  :  t  he- 
mixture  is  projected  into  a  red  hot  crucible;  a  vivid' 
detonation  enfues.  When  all  is  over,  a  white  mafs  re-, 
mains,  which  attracts  humidity  from  the  air,  and  is> 
nothing  elfe  but  the  fixed  alkali  of  the  nitre  and  of  the, 
charcoal  j  by  wafhing  this  fubftance,  the  water  difV 
lolves  the  fixed  alkali,  and  only  an  earthy  matter  re- 
mains. 

Liver  of  fulphur  diffolves  charcoal  with  great  facility, 
both  by  the  dry  and  humid  way  :  It  is  the  fubftance 
which  combines  with  it  the  mod  eafily.  For  this  difco- 
very  we  are  indebted  to  M.  Rouelle. 

The  metals  do  not  unite  with  charcoal,  but  their 
calces  pals  to  a  metallic  (late  when  they  are  heated 
more  or  lefs  ftrongly  with  this  body.  In  the  article  of 
the  Metals,  we  have  feen  how  we  mould  judge  of  this 
phenomenon,  and  what  are  the  different  opinions  of 
chemifts  about  it. 

The  action  of  the  vegetable  fubftances  upon  char- 
coal has  been  little  attended  to.  We  only  know,  that 
when  this  fubftance  is  mixed  with  the  fat  oils,  they 

*  J 

may  by  this  means  be  rendered  inflammable  by  the  ni- 
trous acid  ;  which  confirms  the  elegant  theory  of  M. 
Rouelle,  of  the  inflammation  of  the  oils  by  this  acid. 

All  we  have  faid  upon  the  known  properties  of  char- 
coal, tends  to  prove,  that  it  is  compofed  of  a  combu- 
itible  body,  faline  fubftances,  earth,  and  a  little  water. 
Perhaps  the  combuftible  matter,  which  makes  more 
than  three-fourths  of  the  charcoal,  is  inflammable  gas. 
This  is  at  lealt  what  facts  feem  to  fhow.  With  regard 
to  the  reft  of  its  properties,  a  greater  number  of  expe- 
riments muft  be  made,  before  a  decifive  opinion  is  gi- 
ven of  its  nature  and  properties. 

Of  the  fixed  Salts  of  Vegetables. 

When  a  vegetable  charcoal  has  been  burnt,  there:, 
remains  a  grey1  blackifh  or  white  matter,  according  to 

the 
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the  nature  of  the  charcoal:  this  is  called  cinder.  It  is 
very  compounded :  when  it  is  properly  made,  it  con- 
tains only  faline  and  earthy  matters,  frequently  mixed 
with  fome  iron  :  when  rhe  charcoal  was  not  very  com- 
buftible,  it  fometimes  Hill  contains  a  little  inflammable 
matter.  M.  Lavoifier,  upon  examining  the  cinders 
of  the  wood  employed  by  the  faltpetre-malcers,  found 
fome  extractive  and  refino-extracYive  matters  in  them. 
The  name  of  fixed  falts  of  plants  has  been  given  to 
thefe  faline  fubftances,  which  are  extracted  by  wafhing 
their  cinder?. 

The  incineration  of  vegetables  is  ufed  to  obtain 
three  kinds  of  falts,  of  importance  to  be  known  : 

1.  Potalhes,  from  which  the  vegetable  fixed  alkali  is 
extracted,  is  prepared  in  the  north  by  burning  the 
wood,  which  grows  there  in  great  abundance. 

This  fait  is  very  impure;  it  frequently  contains  com- 
buftible  bodies  which  change  its  whitenefs  ;  many  , neu- 
tral falts,  fuch.  as  felenite,  vitriolated  tartar,  Glauber's 
fait,  febrifugal  fait,  marine  fait,  and  a  little  mineral 
alkali ;  fome  iron  and  earthy  fubftances.  In  order  to 
purify  this  fait,  and  to  extract  the  vegetable  alkali  from, 
it  in  its  ftate  of  purity,  it  is  diffolved  in  the  fmalleft 
poflible  quantity  of  cold  water.  This  fluid  is  charged 
with  the  alkali  and  fome  neutral  falts  ;  and  it  is  fepa- 
rated  by  filtration  from  the  earth,  coal,  iron,  and  fele- 
nite, which  potafhes  frequently  contain.  This  folution 
is  evaporated  to  a  pellicle,  and  by  repofe  and  cooling 
allowed  to  form  the  cryftals  of  the  different  neutral 
falts  which  it  contains.  When  this  ley,  after  feveral 
filiations,  cryftallifations,  and  evaporations,  yields  no 
more  neutral  falts,  it  is  evaporated  to  drynefs  and  cal- 
cined. This  alkali  is  then  vegetable  alkali  very  pure  :  it 
always  contains,  however,  fome  neutral  falts,  which 
may  be  flill  feparated,  by  fetting  by  a  very  charged  fo- 
lution, and  fcparating  by  filtration  the  depofition  which 
is  formed.  It  may  then  be  employed  with  certainty  in 
tjie  mod  delicate  chemical  experiments, 

Us  2.  Soda? 
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2.  Soda,  from  whence  the  mineral  alkali  is  extrac- 
ted, is  the  refiduum  of  combuftion  of  the  plants  which 
grow  at  the  fide  of  the  fea.  It  is  prepared  at  Alicant  in 
Spain,  at  Languedoc,  Cherboutg.  It  is  made  by 
burning  different  forts  of  plants.  At  Alicant  they  em- 
ploy the  kali  ;  at  Cherbourg,  fea-vvare  of  all  kinds, 
known  by  the  name  of  fea-weed ;  the  former  contains 
much  more  mineral  alkali  than  the  other,  which  gives 
almod  none.  Thefe  plants  are  burnt  very  dry  in  a  pit 
dug  for  the  purpofe.  At  Cherbourg,  when  the  corn- 
bullion  is  advanced,  and. the  cinders  are  very  hot,  they- 
are  agitated  and  ft  ruck  ftrongly  with  large  fticks.  By 
the  motion,  this  fubftance,  which  is  hot  enough  to  un- 
dergo a  kind  of  femivitrification,  is  made  into  hard  and 
folid  pieces,  which  are  fent  to  market  under  the  name 
of  falligot,  la  marie,  alun  catin.  The  names  which  di- 
ftinguifti  it  beft,  and  which  announce  its  ftate,  are 
thole  which  it  receives  in  the  countries  where  it  is  ma- 
nufactured, or  from  the  plants  which  yield  it.  The 
foda  of  Alicant,  alfo  called  foda  of  barilla,  is  the  befi: 
for  chemiftry  and  all  the  arts,  which  require  a  great 
abundance  of  mineral  alkali.  The  foda  of  Cherbourg 
or  fea-ware  contains  the  leaft  alkali,  and  ought  to  be  re- 
jected in  chemiftry  ;  though  in  glafs-making  it  is  em- 
ployed with  great  fuccefs.  Soda,  confidered  chemi- 
cally, is  a  compound  of  mineral  alkali,  of  vegetable 
alkali,  though  in  fmall  quantity,  of  vitriolated  tartar,, 
of  Glauber's  fait,  marine  fait,  charcoal  ;  iron  in  the 
ftate  of  Pruffian.  blue,  according  to  the  obfervation  of 
Henckel ;  and  of  earth,  in  part  free,  in  part  combined 
with  the  fixed  alkali,  as  that  of  Cherbourg.  In  order 
to  feparate  thefe  two  fubftances,  and  to  obtain  the  mi- 
neral alkali  pure,  it  is  walked  with  cold  diftilled  water  ; 
the  ley  is  filtrated  to  feparate  the  earth,  the  iron,  and 
charry  matters  ;  then  it  is  evaporated,  as  we  have  direc- 
ted upon  Poralhes.  This  alkali  is  not  fo  eafily  purified 
as  that  of  potalh3  becaufe,.  as  it  cryftalliles  more  eafily, 
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in  its  cryftallifation  it  mixes  with  the  neutral  falts  which  < 
it  contains. 

Fixed  falts  are  prepared  in  pharmacy  under  the  name 
of  Taken'ws.    This  chemift's  procefs  confifts  in  putting 
into  an  iron  veflcl  the  plant  from  which  we  want  to  ex- 
tract the  fait :  the  veflel  is  heated  till  the  bottom  be 
red;  the  plant,  which  is  continually  ftirred,  exhales  a 
great  deal  of  fume:  it  kindles;  then  the  veffel  is  co- 
vered with  a  top,  to  allow  the  fume  to  diflipate,  but  to 
fuffocate  the  flame.    By  this  means  the  plant  is  gra- 
dually confumed ;  when  it  is  reduced  to  a  kind  of 
black  coal,  it  is  warned  with  boiling  water,  the  ley  is 
evaporated  to  drynefs,  and  a  yellowifli  or  brown  fait  is 
obtained.    This  fait  is  frequently  alkaline:  it  contains 
a  great  deal  of  extractive  matter  which  colours  it,  and 
which  is  found  mixed  with  all  the  neutral  falts  which 
the  plant  contained.    It  is  in  a  fort  of  foapy  ftate  ;  on 
which  account  it  is  employed  in  medicine  with  much 
fuccefs  :  but  we  muff  not  fuppofe  that  it  has  the  fame 
virtues  with  the  plant  from  which  it*  was  extracted,  as 
combuftion  ncceffarily  alters  its  principles.    Laftly,  it 
would  be  of  importance' to  examine,   by  a  chemical 
analyfis,  the  different  fixed  falts  of  plants  prepared  af- 
ter the  manner  of  'Takeniusj  with  a  view  of  difcover- 
ing  the  different  faline  and  extractive  fubftances  which 
they  contain,  and  with  a  view  to  determine  their  vir- 
tues, and  the  dofe  in  which  each  of  them  mould  be 
^iven. 

Of  Vegetable  Earths, 

When,  by  the  ablution  of  the  cinders  of  vegetables, 
all  the  faline  matter  has  been  carried  away  which  they 
Contain,  no  more  remains  but  a  powdery  fubfrance, 
*nore  or  lefs  white  or  coloured,  infipid,  infoluble  in 
water,  which  hitherto  has  been  regarded  as  an  earth. 
Some  iron  may  be  got  by  the  application  of  a  magnet'. 
This  metal  was  ready  formed  in  the  vegetable  ;  and 
ibme  naturalifts  have  thought,  that  upon  it  the  colours 
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of  vegetables  depended.    M.  Baume,  who  in  his  Me 
moirs  upon  the  Clays  mentioned  the  earthy  refiduu 
of  vegetables,  aflerts,  that  it  forms  alum  with  the  vi 
triolic  acid  and  a  kind  of  felenite,  a  little  different  fro 
that  which  is  produced  from  pure  calcareous  earth  :  th 
other  acids  yield  with  this  rcfiduum  l'parry  falts  and 
few  martial  falts.    M.  Bergman  thinks  from  this,  th 
the  earth  of  vegetables  is  formed  of  clay,  and  of  a 
earth  approaching  to  the  calcareous  earths  ;  although 
according  to  him,  it  fenfibly  differs  from  it,  fince  i 
does  not  form  quicklime  by  the  action  of  fire.  H 
thinks  that  the  clay  is  formed  in  thefe  fublrances  b 
the  collifions  which  the  vitrefiable  earth  fuffers,  and  b 
the  action  of  the  acids  with  which  it  combines  ;  tha 
the  clay,  once  formed,  paffes  to  the  ftate  of  caleareou 
earth  by  the  new  elaborations  which  it  undergoes  i 
the  vegetable  veffels. 

We  may  be  allowed  to  obferve,  that  the  difcoverie 
made  in  Sweden  upon  the  faline  nature  of  anima 
bones,  which  are  to  thefe  fubttances  what  the  fibrou 
texture  or  vegetables  feems  to  be,  feem  to  announce 
that  the  refiduum  of  thefe  laft  is  nothing  elfe  than  a 
earth.  Perhaps  an  accurate  analyfis,  which  as  yet  ha 
not  been  made  upon  this  lubjecl:,  might  inform  us,  tha 
what  has  been  taken  for  an  earthy  matter,  is  only  acalca 
reous  pbofphoric  fait ;  we  arc  allowed  at  leaft  to  fufpec 
to  far  from  the  works  of  M.  Margraaf,  who  extracte 
phofphorus  from  muftard  and  feveral  other  feeds. 


LECTURE  LII. 

Of  Fermentation  in  general. 

A  Fter  having  confidered  vegetables  juft  as  natur 
prefents  them  to  us,  we  muit  be  acquainted  wit 
the  changes  and  alterations  which  they  may  undergo  i 
different  circumftances.  Thefe  alterations,  which  en 
tirely  depend  upon  their  nature,  are  owing  always  to 
phenomenon  which  is  called  fermentation. 
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Fermentation  is  a  fpontaneous  motion  which  is  exci- 
sed in  a  vegetable,  and  which  totally  changes  its  pro- 
perties. This  motion  is  proper  to  the  fluids  of  the  or- 
ganic fubftances ;  and  it  is  only  the  fubftances  elabora- 
ted by  the  principle  of  vegetable  or  animal  life  which 
are  fufccptible  of  it.  Chemifts  have  not  fufficiently  in- 
filled upon  this  important  truth  ;  the  application  of 
which  to  the  phenomena  of  organifed  fubftances  is  An- 
gularly ufeful  to  medicine. 

There  are  feveral  circumftances  necefTary  to  every 
kind  of  fermentation.    Such  as, 

f.  A  certain  degree  of  fluidity.  In  fact,  dry  fub- 
-ftances  fuffer  no  fuch  alteration. 

2.  A  more  or  lei's  ftrong  heat.  The  degrees  of  heat 
vary  in  every  fpecies  of  fermentation  ;  but  cold  im- 
pedes all. 

3.  The  contact  of  air.    On' that  account  bodies  are 
'very  well  preferved,  and  without  alteration,  in  a  va- 
cuum. 

■Chemifls  have  diilinguifhed,  after  Boerhaave,  three 
kinds  of  fermentation :  the  fpirituous,  which  furnifhes 
ardent  fpirits  ;  the  acetous  fermentation,,  which  yields 
the  acid  of  vinegar  ;  the  putrid  fermentation  or  putre- 
faction, which  produces  volatile  alkali.  It  muff  be  6b- 
ferved,  that  there  are  feveral  fermentative  motions  which 
feem  not  to  belong  to  thefe  three  kinds ;  fuch  are,  per- 
haps, the  bread-fermentation,  that  of  infipid  mucilages, 
that  which  evolves  the  colouring  parts.  It  ha?  been 
fuppofed,  that  fermentation  followed  the  orders  jufb 
now  mentioned  ;  but  there  are  fome  bodies  which  be- 
come acid  without  having  previonily  undergone  the 
fpirituous  fermentation,  and  there  are  others  which 
putrcry  without  undergoing  the  two  fiiit. 

Of  the  Spirituous  Fermentation. 

The  fpirituous  fermentation  is  that  which  furnifhe 
■ardent  fpirit.  For  the  thorough  undentanding  of  this 
fermentation,  we  Ihall  confider,  \.  The  conditions  nc- 
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cefiary  to  produce  it :  2.  The  phenomena  which  accom* 
pany  it :  3.  The  different  matters  which  are  fufceptible 
of  it :  4.  The  product  which  it  yields. 

§  I .    Of  the  Conditions  necejfary  to  the  Spirituous  Fer- 
mentation. 

Experience  has  taught  chemifts,  that  all  vegetable 
matters  are  not  fufceptible  of  the  fpirituous  fermenta- 
tion ;  and  that,  in  order  that  it  may  take  place,  it  is 
neceflary  that  feveral  circumftances  be  united :  thefe 
are  diiferent  objects,  which  we  {hall  confider  as  condi- 
tions neceffary  to  the  fpirituous  fermentation. 

Thefe  conditions  are,  1.  A  faccharine  mucilage. 
This  matter  alone  is  fufceptible  of  pafling  to  the  fpiri- 
tuous fermentation. 

2.  A  fluidity,  a  little  vifcous.  A  too  fluid  juice  does 
not  ferment, more  than  a  too  thick  one. 

3.  A  heat  from  ten  to  fifteen  degrees  of  Reaumur's 
thermometer. 

4.  A  large  mafs  in  which  a  rapid  motion  may  be  ex- 
cited. 

5.  Accefs  of  air,  without  which  it  cannot  take  place. 

§  2.  Of  the  Phenomena  of  the  Spirituous  Fermentation. 

When  the  five  conditions  juft  now  mentioned  are- 
united,  then  the  fpirituous  fermentation. takes  place; 
and  it  mows  conftant  phenomena  which  chara&erife  it. 
It  has  been  obferved, 

T.  It  excites  in  the  liquor  a  motion,  which  increafes 
till  the  fermentation  be  well  eftablifhed. 

2.  The  volume  of  the  mixture  is  much  augmented; 
and  this  augmentation  follows  the  progrefs  of  the  mo- 
tion. 

3.  The  tranfparency  of  the  liquor  is  troubled  by 
opaque  filaments,  which  are  agitated  and  carried 
throughout  the  fluid. 

4.  A.heatis  produced,  which  increafes  to  eighteen 
degrees,  according  to  M.  l'Abbe  Rozier. 

5.  The 
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5.  The  folid  parts  mixed  with  the  liquor  are  raifed 
and  fwim  a-top,  on  account  of  the  air  which  is  difen- 
gaged. 

6.  A  great  quantity  of  aerial  acid  is  difengaged. 
This  gas  forms  above  the  fermenting  veflel  a  layer, 
which  is  eafily  diftinguimed  from  the  air.  In  this  air 
Dr  Prieftley  and  the  Due  de  Chaulnes  made  their  ex- 
cellent experiments.  In  it  candles  are  extinguished, 
animals  die,  lime  diffolved  in  water  is  precipitated, 
caultic  alkalis  are  perfectly  cryftallifed.  It  is  this  acid, 
contained  above  the  fermenting  veflels,  which  expofes 
the  workmen  who  work  about  it  to  fo  great  danger. 

7.  The  difengagement  of  this  gas  is  accompanied 
with  the  formation  of  a  great  number  of  bubbles,  which 
are  owing  only  to  the  vifcous  liquor  which  the  acid  is 
obliged  to  penetrate. 

All  thefe  phenomena  ceafe,  as  the  liquor,  however 
mild  and  faccharine  it  was,  becomes  briik,  pungent, 
and  capable  of  intoxicating. 

§3.  Of  the  different  Matters  fufceptible  of  the  Spirituous 

Fermentation. 

Necessity  has  induced  men  to  prepare  fermented 
liquors  from  a  great  variety  of  different  fubftances ;  but 
experience  has  convinced  us,  that  it  can  be  formed  by 
faccharine  matters  only.  Among  thefe  laif,  thofe  of 
which  we  have  made  the  moll  ufe,  and  which  it  is  con- 
fequcntly  requifite  to  examine,  are  the  following. 

1.  The  juice  of  grapes  produces  wine  properly  fo 
called  ;  the  beft  of  all  the  fermented  liquors.  In  order 
to  underltand  the  art  of  cultivating  the  vine,  the  objecl 
of  which  is  very  important  to  the  neceffaries  of  life,  it 
muff  be  examined,  1.  The  nature  of  the  foil  where  the 
vine  grows,  It  is  known,  that  a  dry  parched  foil  is  in 
general  very  good  for  this  plant,  and  that  it  does  not 
agree  with  a  fat  ftrong  earth.  2.  The  treatment  and 
culture  of  this  vegetable  :  it  is  cut,  and  the  branches 
are  lopped,  to  (top  the  courfe  of  the  fap  j  care  muft  be 
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taken  that  it  be  expofed  to  the  fun,  and  particularly  to 
the  reflexion  of  its  rays  from'the  earth,  &c.  ;  no  manure 
is  furnifhed  to  it,  &c.  3.  The  hiftory  of  the  vegetation 
of  the  vine  ;  of  its  exposition  ;  of  its  flourifhing';  of  the 
formation  of  the  grape  ;  of  its  maturation.  4.  The  ac- 
cidents to  which  it  is  expofed  ;  fuch  as  cold,  too  much 
rain,  moifture.  5.  The  time  of  vintage,  which  ought 
to  be  dry  and  hot.  This  preliminary  knowledge  once 
acquired,  the  art  of  making  wine  mould  be  considered  ; 
which  confifts  in  putting  the  grapes  taken  from  the  ftalk 
into  a  vefTcl ;  in  expofing  them  to  a  heat  from  fifteen  to 
fixteen  degrees  ;  in  bruifing, 'trampling,  and  agitating 
them  :  then  the  fermentation  is  excited,  and  all  its  phe- 
nomena begin.  The  juice  of  the  grape,  or  the  muff, 
ought  to  be  neither  too  fluid  nor  too  thick  ;  in  the  fir tt 
cafe  it  is  thickened  by  boiling,  in  the  fecond  it  is  di- 
luted with  water.  Upon  this  fubjeft,  we  mould  con- 
fuU  the  works  of  M.  1'Abbe'  Rozier,  and  of  M.  Maupin. 
When  the  wine  is  made,  it  is  taken  out  from  below, 
and  put  into  open  barrels.  It  undergoes  a. fecond  i;i- 
lenfible  fermentation,  which  more  intimately  combines 
its  principles  :  a  fine  lee  precipitates,  and  a  fait  known 
by  the  name  of  tartar,  which  we  fhall  afterwards  exa- 
mine. In  order  to  preferve  it,  linen  rags  impregnated 
with  fulphur  are  burnt  in  the  vefi'el  in  which  it  is  con- 
tained. 

It  is  alfo  of  importance  to  be  acquainted  with  the  dif- 
ferent wines.  France  produces  a  great  ri umber  of  ex- 
cellent wines.  Thofe  of  Bourgogne  are  the  beft  for 
daily  ufe.  Their  principles  are  perfectly  combined,  and 
there  is  none  which  prevails.  The  wines  of  Orleannois 
poffefs  qualities  very  fimilar  to  thofe  of  Bourgogne, 
when  time  has  dillipated  a  little  of  their  greennefs,  and 
has  fixed  the  ardent  fpirit,  which  they  contain  to  ex- 
cefs.  The  red  wines  of  Champagne  are  very  good  and 
very  delicate.  The  white  not  mufty  wine  of  this  country 
is  much  better  than  the  mufty,  whofe  pungent  and  four- 
ifh  tafte,  as  well  as  the  property  of  lathering,  depends 

upon 


CrfEMISTRY.  307 

upon  the-  aerial  acid  which  has  been  {hut  up  when  it 
has  been  put  into  the  bottle  before  the  end  of  the  fer- 
mentation. The  wines  of  Languedoc  and  of  Guyenne 
are  of  a  deep  colour ;  great  tonics  and  ftomachics,  par- 
ticularly when  they  are  old.  The  wines  of  Anjou  are 
white,  very  fpirituous,  and  very  readily  intoxicate. 

With  refpecl:  to  the  foreign  wines,  thofe  of  Germany 
called  RheniJJj  and  Mofelle  wines  are  white,  very  fpiri- 
tuous :  their  tafle  is  cool  and  pungent ;  thev  very  rea- 
dily intoxicate.  Some  Italian  wines,  fuch  as  thofe  of 
Orviette,  Vicence,  Lacryrna  Chrilti,  are  well  fermented, 
and  pretty  much  imitate  the  French  wines.  Thofe  of 
Spain  are  in  general  boiled,  fweet,  little  fermented,  and 
very  unhcalthful.  Thofe,  however,  of  Rota  and  Ali- 
cant  muft  be  excepted,  which  are  jultly  accounted  very 
ufcful  ftomachics  and  cordials. 

2.  The  apples  and  pears  yield  cyder  and  perry: 
thefe  kinds  or  wines  are  very  good  ;  and  very  good 
aquaviiae  may  be  extracted  from  them,  as  M.  d'Arcet 
has  demon  ft  rated. 

3.  The  cherries  furnifh  another  good  wine;  from 
which  may  be  extracted  an  aquavitse,  called  by  the 
Germans  kirchenuoajfer. 

4.  Apricots,  peaches,  prunes,  yield  not  fo  good  wines. 

5.  Sugar  diffolved  in  water  ferments  eafily  :  from 
this  wine  an  aquavitas  may  be  procured  called  taffla, 
rum,  guildive. 

6.  The  graminous  feeds,  and  particularly  barley,  fur- 
nifh a  kind  of  wine  called  beer.  The  art  of  brewing 
confifts  in  the  following  procefTes  :  The  barley  is  mace- 
rated in  water  during  thirty  or  forty  hours,  in  order  to 
foften  it :  when  put  up  in  a  heap,  it  is  left  to  moot ; 
it  is  dried  at  a  furnace,  terminated  by  a  board,  upon 
which  the  barley  is  laid  ;  then  it  is  fearched,  to  feparate 
the  Ihoots  called  tournillons  ;  it  is  ground  into  a  farina 
called  malt :  this  farina  is  warned  with  hot  water,  which 
diffolves  the  mucilage  3  this  water  is  called  the  firft  wa- 
ter:  fome  frelh  water  is  poured  upon  the  malt  after  its 
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being  heated,  and  it  forms  the  fecond  water  :  it  is  boil- 
ed, and  ret  to  ferment  with  hops  and  yett,  in  a  veffel 
called  guilloire  i  when  the  fermentation  is  over,  it  is 
,  agitated  :  the  beer  is  taken  out  in  calks :  the  fecondary 
fermentation  raifes  a  fcum  called  yeft,  which  ferves  to 
excite  the  fermentation  of  the  decoction  of  malt.  The 
fhooting  evolves  in  the  barley  a  faccharine  matter,  to 
which  it  owes  the  property  of  forming  wine :  the  fame 
might  be  made  from  other  graminous  feeds. 

§4-0/"  theProdutt  of  the  Spirituous  Fermentation. 

The  product  of  all  thefe  fermented  fubftances  is  a 
particular  liquor,  more  or  lefs  coloured,  of  an  aromatic 
fmell,  a  hot  and  pungent  tafte  ;  which  animates  the 
weakened  fibres  when  they  are  taken  in  fmall  dofes,  and 
which  intoxicates  when  drunk  immoderately:  this  is 
what  is  univerfally  underftood  by  wine. 

i.  Grape-wine,  which  we  take  for  our  example,  is  a 
compound  of  a  great  quantity  of  water,  ardent  fpirit, 
effential  fait  called  tartar,  and  of  a  colouring  extrafto- 
refinous  matter,  to  which  the  red  wines  owe  their  co- 
lour. 

Before  we  (how  the  means  of  feparating  thefe  prin- 
ciples, the  properties  of  wine,  entire  and  not  altered, 
and  its  ufes,  mufl  be  known.  Wine  is  capable  to  dif- 
folve  many  bodies,  by  means  of  the  water,  ardent  fpirit, 
and  effential  acid  fait,  of  which  it  is  formed.  It  unites 
with  extracts,  refins,  certain  metals,  &c.  Upon  thefe 
properties  the  preparation  of  the  medicinal  wines  is 
founded  ;  fuch  as  the  emetic  wine,  made  by  macerating 
two  pounds  of  good  white  wine  with  four  ounces  of 
crocus  rnetallorum  :  the  liquor  is  filtrated ;  or  it  is  em- 
ployed, in  a  turbid  ftate,  as  a  very  good  ftimulant  in 
apoplectic  and  paralytic  cafes.  2.  The  chalybeate  wine, 
made  by  digefting  an  ounce  of  fteel- filings  with  two 
pounds  of  white  wine  :  it  is  an  excellent  tonic  and  ape- 
rient. 3.  The  vegetable  wines,  which  are  prepared 
either  with  red  wine,  in  which  ailringent  aromatic 
2  plants 
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plants  are  digefted ;  or  with  white  wine,  which  is  ge- 
nerally employed  with  the  antifcorbutic  plants  ;  or  with 
Spantfh  wine :  the  vinum  fcilliticum  is  made  with  this 
wine,  and  alfo  the  laudanum  liquidum  of  Sydenham. 
This  lafl  is  made  by  digefting  feveral  days  two  ounces 
of  opium  cut  into  flices,  an  ounce  of  faffron,  a  gros  of 
canella,  and  cloves,  bruifed  in  a  pound  of  Spanifh 
wine.  This  medicine  is  a  very  good  anodyne  in  the 
•  dole  of  fome  drops,  particularly  when  we  obferve 
that  the  opium  does  not  weaken  the  patient,  or  does 
not  flop  fome  ufeful  evacuation. 

In  order  to  decompofe  wine,  and  to  feparate  its  dif- 
ferent principles,  the  action  of  the  fire  is  generally  made 
ufe  of.  This  liquor  is  diftilled  in  an  alembic  of  tinned 
copper,  to  which  a  recipient  is  adapted ;  as  foon  as  the 
wine  boils,  a  white,  flightly  opaque,  and  milky  fluid  is 
obtained,  of  a  pungent  and  hot  tafte,  of  a  ftrong  and 
fweet  fmell :  the  operation  is  carried  on  till  the  vapours 
which  are  raifed  ceafe  to  kindle  at  a  candle.  This  pro- 
duel  is  called  aquavit <s  ;  it  is  a  compound  of  water,  ar- 
dent fpirit,  and  a  finall  quantity  of  oil,  which  deprives 
it  of  its  tranfparency  while  it  is  diftilling,  and  which  co- 
lours it  yellow  afterwards.  We  fhould  not  afcribe  the 
colour  of  the  old  aquavitas  in  commerce  to  this  kind  of  oil 
alone,  which  paffes  with  it  in  diftillation,  but  rather  to 
the  extractive  matter  of  the  wood,  which  it  has  diflbl- 
ved  in  the  barrels  in  which  it  has  been  kept.  Aqua- 
vitse  is  the  liquor  from  which  the  ardent  fpirit  is  got, 
as  we  mail  fee  afterwards.  After  having  furnimed 
aquavitas,  the  wine  is  of  a  deep  colour,  of  an  acid  and 
auftere  tafte  ;  it  is  troubled,  and  a  great  quantity  of  fa- 
line  cryftals  is  obferved,  which  are  juft  the  tartar.  This 
fluid,  then,  is  quite  decompofed  ;  and  its  former  proper- 
ties cannot  be  reftored  to  it  by  combining  the  fpirituews 
product  with  the  refiduum.  This  analyfis,  therefore, 
is  complicated.  If  the  refiduum  of  the  uine,  from  which 
aquavits  has  been  extracted,  is  evaporated,  it  aflumei 
the  form  and  confiftence  of  an  extract.  The  colouring- 
pare 
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part  may  be  feparatetl  by  fpirit  of  wine,  which  does  not 
touch  the  tartar.  This  kind  of  tincture  is  not  precipi- 
tated by  water.  By  evaporation  to  drynefs,  the  refi- 
duum  eafily  kindles,  and  is  foluble  in  water:  it  is  a 
true  refmo-extrattive  fubftance,  which  the  ardent  fpirit 
formed  by  fermentation  has  carried  off  from  the  co- 
vering of  the  grapes.  From  this  analyfis  it  is  evident, 
that  wine  is  truly  compofed  of  water,  ardent  fpirit,  tar- 
tar, and  colouring  matter.  We  know  the  nature  and 
properties  of  two  of  thefe  fubftances,  of  the  water  and 
colouring  extract ;  it  now  remains  only  to  examine 
thofe  of  ardent  fpirit  and  tatar. 

Before  we  fpeak  of  thefe  two  fubftances,  we  fhould 
fay  a  word  of  a  fubftance  which  is  precipitated  from 
wine  during  fermentation,  and  called  lee.  It  is  a  com- 
pound of  ftones  and  pieces  of  raifins,  of  coarfe  tartar 
and  vitriolated  tartar.  Some  aquavitse  is  obtained  by 
diftilling  it  in  an  open  fire.  If  it  is  treated  in  a  retort, 
it  gives  fome  acid  phlegm,  oil,  volatile  alkali :  its  coal 
contains  vitriolated  tartar  and  fixed  alkali.  The  incine- 
ration of  the  lee  of  wine,  made  in  the  open  air,  furnifhes 
a  cauftic  vegetable  alkali,  mixed  with  fome  vitriolated 
tartar,  which  is  known  in  the  arts  by  the  name  of  Ices 
of  ivine.  What  we  are  going  to  fay  upon  the  properties 
of  fpirit  of  wine  and  of  tartar,  will  complete  what  we 
have  to  fay  upon  the  lee. 


LECTURE  LIII.  LIV. 

A  QUAVITiE,  which  is  obtained  by  diftilling  wine 
JC\_  with  a  naked  fire,  is  a  compound  of  ardent  fpirit, 
water,  and  a  fmall  portion  of  oily  matter.  In  order  to 
feparate  thefe  fubftances,  and  to  obtain  the  ardent  fpirit 
pure,  diftillation  is  made  ufe  of.  There  are  feveral  pro- 
ceffes  for  diftilling  fpirit  of  wine.  M.  Baume  directed 
to  diftil  aquavitse  in  a  balneum  marias  a  fufficient  num- 
ber of  times,  in  order  to  get  off  all  the  fpirit.  He  re- 
2  "  com- 
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commends  feparating  the  firft  fourth  of  the  produft  of 
the  firft  diftillation,  and  likewife  to  fet  apart  the  firft  half 
of  the  product  of  the  following  diftillations :  all  thefe 
firft  products  are  mixed  together,  and  rectified  with  a 
gentle  heat.  The  firft  half  of  the  liquor  which  panes- 
over  in  this  rectification  is  the  molt  pure  and  ftrong  ar- 
dent fpirit,  called  alkohol ;  the  remainder  is  a  lefs  ftrong 
fpirit,  but  ftill  very  good  for  ordinary  ufe.  M.  Rouclle 
prefcribed  drawing  over  by  diftillation  in  a  balneum  ma- 
ris the  half  of  the  aquavits  employed  ;  this  firft  pro- 
duct is  common  fpirit  of  wine :  by  rectifying  it  twice, 
and  reducing  it  to  about  two-thirds,  a  ftronger  fpirit  is 
ufed,  which  is  diftilled  a-frefh  with  water  according  to 
KunckePs  procefs  ;  water  feparates  the  fpirit  from  the 
oil  which  altered  it.  This  fpirit  diftilled  with  water  is 
rectified,  and  then  there  is  the  greateft  certainty  of  ha- 
ving it  perfectly  pure.  The  refiduum  of  the  diftilled 
aquavitae  is  only  a  water  charged  with  fome  colouring 
part,  with  a  particular  kind  of  oil  floating  a-top- 

It  is  manifeft,  that  this  liquor,  after  the  different  pro- 
ceffes  employed,  may  be  of  different  degrees  offtrength 
'and  purity.  It  is  a  long  time  fince  different  methods 
of  afcertaining  its  purity  were  known.  It  was  at  firft 
fuppofed  that  fpirit  of  wine,  which  eafily  kindled,  and 
which  left  no  refiduum,  was  very  pure :  but  it  is  now 
known  . that  the  heat  excited  by  its  combuftion  is  ftrong 
enough  to  difiipate  all  the  phlegm  which  might  be  con- 
tained in  it.  A  proof  by  gunpowder  was  propofed : 
the  fpirit  being  kindled,  when  placed  upon  gunpowder 
in  a  veflel j  if  the  powder  does  not  kindle  it  is  confidered 
bad;  if,  on  the  contrary,  it  takes  fire,  it  is  thought 
pretty  good.  But  this  proof  is  falfe  and  deceiving  :  for 
upon  putting  much  fpirit  of  wine  upon  powder,  the 
water  which  it  affords  in  its  combuftion  moiftens  the 
powder  which  will  not  kindle,  whilft  we  might  inflame 
it  by  making  burn  upon  its  furface  a  very  fmall  quan- 
tity of  phlegmatic  fpirit.  This  method,  then,  is  not 
more  certain  than  the  former.    Boerhaave  has  given  a 
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very  good  procefs  for  difcovering  the  purity  of  this  fluid. 
IT  confifts  of  throwing  into  the  fpirit  fome  very  dry  pow- 
der of  fixed  alkali :  this  fait  unites  with  the  fuperabun- 
dant  water  of  the  fpirit  of  wine,  and  it  forms  a  more 
weighty  and  more  coloured  fluid  than  the  ardent  fpirit, 
which  does  not  mix  with  it  but  fwims  below.  Laftly, 
M.  Baume,  confidering  that  fpirit  of  wine  is  fo  much 
lighter  than  water  the  purer  it  is,  devifed  an  areometer, 
by  whole  means  the  degree  of  purity  of  this  fluid  and  of 
all  fpirituons  liquors  may  be  exaclly  determined.  This 
inftrument  being  plunged  into  fpirit  of  wine,  finks  the 
deeper  the  purer  the  fpirit  is.  It  is  afcertained  by  well- 
executed  experiments,  that  the  moft  pure  and  moil 
highly  rectified  fpirit  of  wine  ftands  at  thirty-eight  de- 
grees of  his  areometer.  In  his  Elements  of  Pharmacy, 
from  page  463 — 479.  may  be  feen  the  method  of  con- 
ftrueting  this  inftrument,  as  well  as  the  refults  which 
fpirit  of  wine,  mixed  with  different  quantities  »f  water 
gave ;  which  may  ferve  to  fliow  comparatively  the  fpi- 
rit of  wine  in  the  liquor  which  is  examining. 

Pure  ardent  fpirit,  obtained  b,y  the  procefs  jpft  now, 
defcribed,  is  a  fluid  of  great  tranfparency,  mobility,  and 
lightnefs,  weighing  fix  gros  forty-eight  grains  in  a 
bottle  which  holds  an  ounce  of  diftilled  water.  Its 
fmell  is  penetrating  and  agreeable  ;  its  tafte  is  fharp  and 
hot  ;  it  is  extremely  volatile.  When  it  is  heated  even 
llightly  in  clofe  veffels,  it  rifes  and  paflTes  without  altera- 
tion into  the  recipient ;  by  this  means  it  is  concentra- 
ted and  feparated  from  the  little  water  which  may  adhere 
to  it.  On  this  account  the  firft  portions  are  the  moft 
fweet,  volatile,  and  pure.  It  is  proper  to  obferve,  that, 
when  fpirit  of  wine  is  diftilled,  a  large  quantity  of  air  is 
always  difengaged :  it  might  be  fuppofed  that  it  is  the 
moft  pure  fpirituous  part  which  is  feparated  from  the 
water,  and  which  is  volatilifed  in  the  ftateof  gas.  But 
DrPrieftley  has  demonftrated,  that  fpirit  of  wine  can- 
not put  on  the  ftate  of  a  permanent  gas.  When  ardent 
fpirit  is  diftilled  with  the  contact  of  air,  it  very  foon 

kindles 


CHEMISTRY.  313 

kindles  and  prefents  a  flight  flame,  white  in  the  middle 
and  blue  at  the  edges ;  it  burns  alfb  without  leaving  any 
refiduum,  when  it  is  properly  dephlegmated.  Several 
chemifts  have  tried  to  afcertain  what  burning  fpirit  of 
wine  yields.  They  have  afcertained  that  its  flame  is  ac- 
companied with  no  foot  nor  fmoke ;  and  that  by  recei- 
ving what  is  volatilifed,  only  fome  pure  water  is  ob- 
tained, inflpid,  inodorous,  and  abfolutely  in  the  ftate  of 
diflilled  water.  It  is  therefore  not  known  what  becomes 
of  the  fpirit  in  combuftion.  However,  M.  Berthollet 
has  remarked,  that  when  a  mixture  of  this  fpirit  and 
water  is  made  to  burn,  the  remaining  fluid  precipitates 
lime-water  :  this  experiment  feems  to  {how,  that  ardent 
fpirit  contains  inflammable  gas,  which  by  its  combuftion 
or  combination  with  the  air  forms  aerial  acid.  Che- 
mifts, from  the  phenomena  which  this  fpirit  prefents  in 
inflammation,  have  adopted  different  opinions  upon  the 
fubjeel:.  Stahl,  Boerhaave,  and  feveral  others,  consi- 
dered this  fluid  as  a  compound  of  a  very  attenuated  oil, 
acid,  and  fome  water.  According  to  this  opinion, 
then,  it  is  a  kind  of  acid  foap.  Others,  at  the  head  of  whom 
we  may  place  Cartheufer  and  Macquer,  think  that  fpi- 
rit of  wine  is  formed  of  phlogifton  and  water,  Each  of 
thefe  opinions  is  fupported  by  theory  and  experiment. 
We  fhall  take  notice  which  of  them  is  moft  fupported 
by  facts. 

Spirit  of  wine,  expofed  to  the  air,  evaporates  at  a 
temperature  of  ten  degrees  above  the  freezing  point ; 
and  it  leaves  no  kind  of  refiduum,  unlefs  a  little  water, 
when  it  is  not  very  much  dephlegmated.  This  evapo- 
ration in  the  air  is  fo  much  the  more  rapid  the  hotter 
the  atmofphere  is;  it  produces  a  greater  or lefs  cold,  ac- 
cording to  its  rapidity. 

Spirit  of  wine  unites  with  water  in  all  proportions^  and 
is  perfectly  foluble  in  it.  This  folution  is  attended  with 
heat,  and  it  forms  kinds  of  aquavita?  fo  much  the 
ftronger  as  the  fpirit  of  wine  is  in  greater  quantity.  The 
affinity  of  combination  between  thefe  two  fluids  is  fo 
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ftrong,  that  water  is  able  to  feparate  from  fpirit  of  wi 
^everal  fubftanccs  combined  with  it;  and  that,  recipro 
cally,  fpirit  of  wine  decompofes  the  moil  part  of  the  fa- 
line  folutions,  and  precipitates  the  falts.  From  this  lad 
property,  Boulduc  propofed  ufing  fpirit  of  wine,  in  or- 
der to  precipitate  the  falts  contained  in  the  mineral  wa- 
ters, and  to  obtain  them  without  alteration. 

Spirit  of  wine  has  no  a6lion  upon  the  pure  earths.  It- 
is  not  known  if  it  might  be  altered  by  terra  ponderofa. 
and  magneiia.  Lime  feems  fufceptible  of  occafion- 
ing  fome  change  in  it ;  fince,  when  fpirit  of  wine  is  di- 
ftilled  upon  this  earthy  fubftance,,  this  fluid  acquires, 
fome  fmell :  but  this  alteration-  has  not  been  profe- 
cured. 

Fixed  alkali  alters  its  nature,,  and  really  decompofes 
fpirit  of  wine,  as  is  proved  by  the  preparation  known 
by  the  name  of  acrid  tinclure  of  tartar.  In  order  to 
prepare  this  medicine,  fome  fait  of  tartar  is  fufed  in  a 
crucible;  it  is  pulverifed  quite  hot,  and  put  into  a  ma- 
trafs  ;  fome  very  dephlegmated  fpirit  o,f  wine  is  poured 
on  it  to  the  height  of  three  or  four  fingers-breadth 
above  it ;  the  matrafs  is  fhut  up  with  another  fmaller 
one  ;  they  are  luted  together,  and  the  whole  digefted 
in  a  fand-bath  till  the  fpirit  of  wine  has  acquired  a  red- 
difh  colour.  More  or  lefs  alkali  remains  at  the  bottom 
of  the  veflel,  and  fome  cryitals  of  neutral  falts  are  ob- 
served, which,  M.  Baron  confidered  as  vitriolated  tar- 
tar previoufly  contained  in  the  alkali.  Neverthelefs,  fe- 
veral  cbemifls  thought  that  this  fait  was  partly  formed  by 
the  union  of  the  fixed  alkali  with  the  acid  of  the  fpirit  of 
wine  :  but  this  point  has  not  been  properly  examined. 
Upon  diftilling  the  acrid  tincture  of  tartar,  a  fpirit  of 
wine  is  obtained  of  a  fweet  odour  little  altered,  and 
there  remains  in  the  retort  a  true  foapy  extract ;  which 
diflilled  in  the  naked  fire  yields  fome  fpirit  of  wjne,  vo- 
latile alkali,  and  a  light  empyreumatic  oil.  In  this  ope- 
ration a  little  coal  is  formed,  in  which  is  found  fome 
fixed  alkali.    This  experiment  feems  to  demonftrate, 
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.hat  fpirit  of  wine  contains  an  oil,  with  which  the  fixed 
ilkali  unites  and  forms  a  true  foap,  which  is  found  dil- 
blved  in  the  undecompofed  portion  of  fpirit  or  wine. 
The  lily  of  Paracelfus  differs  from  the  acrid  tincture  of 
artar,  only  becaufe  the  fixed  alkali  employed  in  its  pre- 
Daration  feems  to  have  been  made  caultic  by  the  metal- 
ic  calces  along  with  which  it  has  been  heated.  The 
'egulus  of  antimony,  iron,  tin,  and  copper,  are  fufed  to- 
gether in  the  dofe  of  four  ounces  each  ;  they  are  deto- 
nated with  eighteen  ounces  of  nitre  and  as  much  tartar; 
:hey  are  brought  into  fufion  ;  the  mixture  is  pulverifed, 
put  into  a  matrafs,  and  fome  well  dephlegmated  fpirit 
of  wine  is  poured  above  it,  to  the  height  of  three  or 
four  fingers  breadth. 

This  mixture  digefled  in  a  fand-bath  acquires  a  red 
colour  deeper  than  the  acrid  tincture  of  tartar,  and  it 
jrefents  all  the  fame  phenomena :  this  laft  may  be 
made  entirely  like  the  lily  of  Paracelfus  by  digeiting 
fome  fpirit  of  wine  with  cauftic  fixed  alkali,  inltead  of 
ufing  fixed  fait  of  tartar,  which  the  action  of  the  fire 
|does  not  entirely  deprive  of  aerial  acid,  unlefs  it  be  kept 
J  red  for  a  long  time. 

The  acrid  tin.&ure  of  tartar  and  the  lily  are  very  good 
jTonics  and  powerful  deobftruents.  They  are  employed 
jin  all  the  cafes  where  the  ftrength  of  patients  is  infuffi- 
Icient  to  favour  a  crifis,  as  in  the  malignant  fever,  bad 
Ifmall-pox,  &c. 

The  action  of  the  cauftic  volatile  alkali  upon  fpirit  of 
I wine  has  not  yet  been  examined. 

All  acids  exhibit  with  this  fluid  very  remarkable  phe- 
nomena. When  very  concentrated  oil  of  vitriol  is  poured 
upon  an  equal  part  of  rectified  fpirit  of  wine,  a  remark- 
able heat  and  hifling  noife  enfues :  thefe  two  fubftances 
grow  coloured,  and  at  the  fame  time  a  fweet  fmell  is 
difengaged,  reiembling  that  of  - citrons  or  rennets.  If 
ithe  retort  in  which  the  mixture  generally  is  made,  is 
(placed  in  a  fand-bath  heated,  and  if  two  large  receivers 
I  are  adapted,  the  firft  of  which  is  plunged  into  a  veffd 
2  X  2  full 
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full  of  cold  water,  there  comes  over,  i .  A  fpirit  of  wins* 
of  an  agreeable  fmell.   2.  A  liquor  called  ether ,  of  a  very 
fweet  fmell  and  extreme  volatility,  and  whole  prefence^ 
is  announced  by  the  ebullition  of  the  liquor  contained  in*  j 
the  retort,,  and  by  the  large  (trice  which  line  the  infide 
of  the  veuHi    The  receiver  mult  be  carefully  cooled 
with  wet  cloths.    3.  After  the  ether  a  fulphureous  fpiJ 
fit  pafl'es  over,  whole  white  colour  and  fmell  indicate  that-  i 
the  apparatus  mould  be  unluted,  in  order  to  feparate  the  J 
ether.    4.  A  light  yellowifh  oil  is  at  the  fame  time  alfo< 
volatilifed,  called  fweet  oil  of  wine.     The  fire  ought  toi 
be  greatly  moderated  after  the  ether  has  oaffed,  becaufe-  ] 
the  matter  contained  in  the  retort  is  black,  thick,  and  ] 
:lt  bubbles  up  confiderably.    5.  When  the  fweet  oil  is>sj 
all  diftilled,  fome  fulphureous  acid  alfo  paries  over,  and?J 
which  becomes  more  and  more  thick  j  and  at  the  end  is?| 
no  more  than  the  oil  of  vitriol  black  and  impure.  6.BwJ 
continuing  this  operation  with  a  gentle  fire,  the  refi-i 
duum  is  entirely  dried,  and  has  acquired  the  form  and;! 
confidence  of  a  bitumen.    An  acid  liquor  is  extractedS 
from  it,  and  a  dry  yellowifh  fubftance  like  fulphur,  by  j 
expofing  this  bitumen  to  a  very  ftrong  fire;  M.  BaumeJ 
who  made  many  experiments  upon  vitriolic  ether,  exa-i 
mined  the  refiduum  with  great  care  ;  he  found  fome  j 
martial  vitriol  in  it,  fome  Pruffian  blue,  a  faline  fub-1 
ffance,  and  a  particular  earth,  whofe  nature  he  did  nod 
determine*.    He  fays  alfo,  that  tha  yellowifh  fublimate 
which  it  furnifhes  is  not  fulphur,  and  that  it  remains- 
white  and  powdery  without  inflaming  upon  coals.  Tdj 
thefe  details  we  fhall  add,  that  the  refiduum  of  the  ether 
may  furnifh  anew  fupply  of  ether,  by  adding  to  it  as 
third  of  fpirit  dephlcgmated  by  fait  of  tartar,  and  diftill 
ling  this'mixture.    Thefe  diltillations  might  befeverafi 
times  repeated  ;  and  thus,  from  fix  pounds  of  oil  of  vij 
triol  and  fpirit  of  wine,  to  which  mixture  five  pounds  ofl 
this  laft  have  been  fucceflively  added,  more  than  two 
pounds  of  good  ether  may  be  extracted. 

The  operation  juft  now  defcribed  is  one  of  the  moflS 
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Angular  in  chemiftry,  from  the  phenomena  which  it 
prefents ;  and  at  the  fame  time  one  of  the  mofl  impor- 
tant, from  the  light  which  it  is  capable  of  throwing  upon 
the  compofuion  of  fpirit  of  wine.  There  are  two  opinions 
upon  the  compofuion  of  ether",  which  it  is  neceffary  tp 
make  known.    M.  Macquer,  who,  as  we  have  already 
faid,  confidersfpirit  of  wine  as  a  compound  of  water  and. 
phlogifton,  thinks  that  oil  of  vitriol  carries  off  the  water 
of  this  fluid,  and  brings  it  nearer  and  nearer  to  the  cha- 
racters of  oils.    Thus,  according  to  this  Opinion,  fome 
fpirit  of -wine  pafles  over,  at  firjft  little  altered  ;  then  a 
fluid,  which  is  in  a  middle  date  between  fpirit  of  wine 
-  and  oil,  which  is  the  ether;  and  laftly,  a  true  oil.;  be- 
:  caufe  the  oil- of  vitriol  acts  with  fo  much  the  more  ener- 
.gy  upon  the  principles  of  fpirit  of  wine,  as  the  heat  em- 
ployed to  obtain  the  ether  is  more  ftrong.  M  Bucquet, 
flruck  with  a  ftrong  objection  which  he  had  made  to 
this  theory,  its  being  difficult  to  conceive  how  the  oil  of 
,  .vitriol,  charged  at  the  beginning  of  its  action  upon  fpi- 
rit of  wine  with  a  certain  quantity  of  water  which  it  had 
carried  off  from  this  fluid,  could,  though  phlegmatic,  re- 
act fufficiently  upon  another  portion  of  the  fame  fpirit, 
fo  as  to  put  it  into  an  oily  ftate,  propofed  another  opi- 
nion upon  the  production  of  ether  :  He  considered  Ip'i- 
rit  of  wine  as  a  fluid  compofed  of  an  oil,  an  acid,  and 
•water  ;  he  thought,  that  when  the  vitriolic  acid  was 
mixed  with  this  fpirit,  a  fort  of  bituminous  fluid  refult- 
ed,  which,  by  heat  furnifhed  the  fame  principles  as  the 
bitumens;  that  is,  a  light,  very  odorous,  and  combultible 
oil ;  a  kind  of  naphtha,  which  was  the  ether  ;  and  then 
an  oil  more  coloured  and  lei's  volatile  than  the  former, 
which  was  the  fueet  oil  of  wine.  Indeed,  we  fhall  ob- 
ferve,  from  the  properties  of  ether  which  we  are  going  to 
examine,  that  this  fluid  has  all  the  characters  of  a  very 
iubtile  oil,  fuch  as  naphtha.    The  ether  obtained  by  the 
procefs  jult  now  defcribed  is  not  very  pure  ;  it  is  united 
with  iome  fpirit  of  wine  and  fulphureous  acid.    It  is 
ise&ified  by  diftillation  in  a  retort  in  a  fand-bath  along 
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with  fomc  cauftic  fixed  alkali.  This  fait  combines  with 
the  fulphureous  acid,  and  the  ether  paffes  over  very  pure 
with  the  moft  gentle  heat.  If  the  firft  half  of  this  pro- 
duel  is  feparated,  the  purefl  and  molt  highly  rectified 
ether  is  obtained. 

Ether  is  a  much  lighter  fluid  than  fpirit  of  wine,  of  a 
'  ftrong  fmell,  of  a  hot  and  pungent  tafte.  It  is  fo  vola- 
tile, that  upon  being  poured  out  or  agitated  it  is  diflipa- 
ted  in  an  inftant.  In  its  evaporation,  it  produces  fo 
great  a  cold,  that  it  may  congeal  water,  as  M.  Baume  has 
demonftrated  in  his  excellent  expedients.  It  kindles 
very  eafily,  as  foon  as  it  is  heated  in  the  open  air  or 
touched  with  a  kindled  body  :  the  eleftric  fpark  like- 
wife  kindles  it.  It  emits  a  very  luminous  white  flame  j 
and  it  leaves  a  black  mark  upon  the  furface  of  a  body  ex- 
pofed  to  its  flame.  Ether  diflblves*  in  ten  parts  of  wa- 
ter, according  to  M.  le  Count  de  Lauraguais. 

The  phenomena  which  ether  might  prefent  with  all 
the  faline  fubftances,  have  not  been  examined  ;  the  ac- 
tion of  fome  of  the  acids  only  is  well  known.  Lime  and 
the  fixed  alkalis  do  not  appear  fufceptible  of  chan- 
ging it.  The  cauftic  volatile  alkali  combines  with  it 
in  all  proportions,  and  it  forms  a  fluid,  whofe  mixed 
fmell  might  be  very  ufeful  in  afphyxies  and  fpafrnodic 
difeafes.  Oil  of  vitriol  becomes  very  hot  with  ether; 
and  it  may  convert  a  great  part  of  it  into  fweet  oil  ot 
wine  by  diflillation,  Fuming  nitrous  acid  raifes  a  con- 
iiderable  eflervefcence  with  it;  and  the  ether  in  this  ex- 
periment fecms  to  become  more  confident,  coloured, 
and  oily.  Ether  has  not  been  combined  with  the  other 
faline  matters,  not  even  with  the  mineral  inflammable 
fubftances.  It  is  only  afcertained  that  if  diflblves  the 
eflential  oils  and  refins  like  fpirit  of  wine  ;  and  phyfi- 
cians  frequently  employ  astherial  tinctures.  Ether  is  con- 
fidered  in  medicine  as  a  powerful  tonic,  and  as  a  very 
good  antifpafmodic.  It  is  employed  in  hyfterical  cafes, 
in  fpafrnodic  colics.  It  readily  oppofes  bad  digeftion 
which  is  caufed  by  a  weaknefs  of  the  ftomach.  It 
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Fuould  be  adminiftred  with  prudence,  becaufe  it  is 
known  that  its  cxccffive  ufe  is  dangerous :  it  is  alfo 
■ufed  with  great  fuccefs  externally  in  pains  of  the  head, 
burns,  &c.  Hoffman,  who  greatly  ftudied  the  com- 
binations of  fpirit  of  wine  with  vitriolic  acid,  made 
■ufe  of  a  medicine  compofed  of  fweet  oil  of  wine  dif- 
folved  in  fpirit  of  wine,  which  he  called  anodyne  mi- 
neral liquor.  The  Faculty  of  Medicine  of  Paris  added 
ether  to  this  liquor  ;  and  ordered  in  their  difpenfatory 
to  prepare  it  by  mixing  two  ounces  of  fpirit  of  wine, 
■which  pafles  over  before  the  ether,  two  ounces  of  ether, 
and  twelve  drops  of  fweet  oil  of  wine.  This  medicine  is 
•employed  as  the  ether,  but  it  has  not  nearly  the  fame 
■virtue. 

Nitrous  acid  a£ts  in  a  very  rapid  manner  upon  fpirit 
of  wine.  This  brifk  action  has  hindered  chemifts  from, 
examining  this  combination  fo  fully  as  that  with  oil 
of  vitriol.  M.  Navier  is  the  firft  who  has  given  an  eafy 
procefs  for  the  making  of  nitrous  ether.  According  to 
■him,  a  very  ftrong  bottle  of  Seves  is  taken;  twelve  oun- 
ces of  very  pure  and  highly-rectified  fpirit  of  wine  is 
-poured  into  it  and  plunged  into  cold  water,  or,  ftill  better, 
jce  ;  eight  ounces  of  fpirit  of  nitre  are  added  at  feveral 
times,  and  the  mixture  agitated  each  time  ;  the  bottle 
(hut  up  with  a  cork -(topper,  which  is  ftrengthened  with 
•leather,  and  well  tied.  The  mixture  is  let  in  a  by-place 
•to  prevent  accidents  from  the  fracture  of  the  bottle, 
■which  fometimes  happens.  In  a  few  hours  bubbles  rife 
from  the  bottom  of  the  vefTel,  and  drops  collect  at  the 
furface  of  the  liquor,  which  gradually  form  a  layer  of 
true  ether.  This  difengagement  goes  on  for  four  or 
fix  days.  As  foon  as  the  motion  -is  thought  to  have 
ceafed,  the  cork  is  pierced  with  a  fharp  probe  to  give 
vent  to  a  certain  quantity  of  air,  which,  without  this 
precaution  would  burfl:  out  upon  unftopping  the  bottle, 
and  carry  off  the  ether,  which  would  be  loll.  When  the 
.air  is  diffipated,  the  bottle  is  uncorked,  the  liquor  is 
•poured  into  a  funnel,  whofe  neck  is  Hopped  with  the 
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finger,  the  refiduum  is  feparated  from  the  ether,  which 
lwimsa  top,  and  is  received  into  a  feparate  veffel. 

Mr  Woulfe,  a  famous  Englifli  chemilt,  has  offered 
another  procefs  for  preparing  nitrous  ether.  It  confirts 
in  employing  numerous  and  very  large  veffeis,  to  al- 
low plenty  of  room  to  the  difengaged  air.  A  white 
glal's  veffel,  from  eight  to  ten  pints,  is  taken,  termina- 
ted by  a  neck  feven  or  eight  feet  long  :  it  is  placed  up- 
on a  tripod  fufficiently  high,  in  order  that  a  refrigera- 
tory may  be  placed  below  it :  a  tubulated  head  is  ad- 
jufted  to  this  veffel ;  to  whofe  neck  a  gjafs  tube  of  feven 
or  eight  feet  long  is  adapted :  this  lafl  is  received  by 
its  lower  extremity  into  a  globe  with  two  points,  pier- 
ced below  with  a  hole,  to  which  a  veffel  is  joined  :  to 
the  third  tube  of  this  globe  are  added  the  bottles  which 
conllitute  Mr  Woulfe's  apparatus,  which  we  have  al- 
ready feveral  times  defcribed 

When  all  thefe  veffels  are  well  luted,  a  pound  of 
well-rectified  fpirit  of  wine,  and  as  much  fuming  fpirit 
of  nitre,  is  poured  into  the  globe  by  the  tube  of  the 
head  ;  then  the  head  is  fhut  with  a  cryftal  ftopper, 
which  is  tied  down  with  leather.  The  mixture,  as  foon 
as  made,  becomes  warm  j  vapouri  are  difengaged, 
which  run  rapidly  through  the  neck  of  the  globe.  This 
being  heated  till  the  liquor  boil,  the  nitrous  acid  paffes 
over  into  the  globe,  which  ferves  for  the  recipient. 
This  procefs,  though  very  ingenious,  has  feveral  in- 
conveniences :  the  apparatus  is  long  of  being  fixed,  it 
is  dear  and  very  embarrafling ;  befides,  it  expofes  to 
danger,  becaufe,  in  fpite  of  the  fpace  allowed  to  the 
vapours,  they  are  fp  rapidly  difengaged,  that  the  vef- 
fels often  burft  with  confiderable  noife. 

M.  Bougues,  anno  1773,  publifhed  another  method 
of  making  nitrous  ether.  Tie  directs  to  mix,  in  a 
glafs  retort  of  eight  pints,  a  pound  of  fpirit  of  wine 
with  a  pound  of  weak  nitrous  acid,  fo  as  to  (land  no 
higher  than  24  degrees  of  Baume's  areometer  ;  to  adapt 
to  the  retort  a  globe  of  twelve  pints  j  to  give  paffage  to 
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the  air,  by  adjufling  two  quills  at  the  junction of  the 
luting,  and  to  diftil  with  a  very  gentle  heat,  finking  the 
retort  but  a  very  fhort  way  into  the  fand.  In  this  way 
he  got  fix  ounces  of  a  very  pure  nitrous  ether.  From 
what  M.  l'Abbe  Rozier  has  laid,  it  appears  that  M.  Mi- 
touard  employed,  fo  late  as  the  year  1770,  a  procefs 
very  fimilar  to  M.  Bougues. 

This  chemift  put  four  ounces  of  fuming  fpirtt  of 
nitre,  with  twelve  ounces  of  fpirit  of  wine,  into  a  re- 
tort for  ditliliation :  the  retort  was  funk  but  very 
llightly  into  the  fand.  By  this  means,  which  appears 
the  moil  fimplc  of  all,  he  obtained  a  nitrous  ether,  re- 
fembling  that  of  M,  Navier.  LalUy,  M.  de  la  Planche, 
a  Paris  apothecary,  has  thought  of  two  methods  of 
preparing  nitrous  ether  in  a  very  commodious  manner. 
The  firft  confifts  in  putting  fome  nitre  into  a  tubulated 
free-ftone  retort,  to  which  a  large  globe,  or  two  joined 
together,  are  adapted,  to  pour  through  the  tube,  firft 
oil  of  vitriol,  and  then  fpirit  of  wine.  The  vitriolic 
acid  difengages  the  nitrous,  which  reacts  upon  the  fpi- 
rit of  wine,  and  almofl  inftantly  forms  nitrous  ether. 
As  it  might  be  fufpected  that  the  ether  thus  prepared 
was  in  part  vitriolic,  he  fubftituted  to  this  firft  method 
another  very  ingenious  procefs.  He  adapts  to  a  tubu- 
lated glafs-retort,  in  which  he  has  put  fix  pounds  of 
very  dry  nitre,  a  long  neck  and  a  globe,  which  com- 
municates by  means  of  a  crooked  tube  with  an  empty 
bottle.  This  correfponds  by  means  ofr  a  l'yphon  with 
another  bottle,  which  contains  three  pounds  of  the 
inoft  perfect  fpirit  of  wine.  The  whole  being  well  lu- 
ted, and  the  retort  placed  upon  warm  cinders,  three 
pounds  of  very  pure  oil  of  vitriol  are  put  in  upon  the 
nitre  through  the  tube  of  this  laft  veffel  :  the  retort  is 
Unit  with  a  cryftal  ftopper,  a  boiling  heat  is  applied, 
and  it  is  kept  up  till  the  vapours  ceafe  to  pafs.  In  this 
experiment,  the  vitriolic  acid  difengages  the  nitrous, 
which  paifes  partly  into  the  globe,  and  partly  into  the 
fecond  bottle.    When  the  operation  is  finiihed,  the 
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globe  contains  fuming  fpirit  of  nitre,  the  retort  vitrio- 
lated  tartar,  and  the  iecond  bottle  an  etherial  liquor. 
This  is  diflilled  in  a  retort  with  a  tingle  globe,  and  only 
two  thirds  of  the  product  are  drawn  over.  This  product 
is  diftilled  with  a  fifth  of  fuming  fpirit  of  nitre,  which  is 
gradually  poured  upon  it  with  a  glafs  funnel  with  a 
Jong  (tern  ;  only  two  thirds  of  it  are  taken.  Laftly,  this 
fecond  product  is  rectified  with  fome  fait  of  tartar ;  only 
four  ounces  are  drawn  over  with  three-fourths  of  re- 
mainder. The  four  ounces  are  very  pure  nitrous  ether; 
the  three-fourths  of  remainder  are  a  nitrous  mineral 
anodyne  liquor.  The  refidua  of  the  two  rectifications 
are  dulcified  fpirit  of  nitre. 

The  nitrous  ether  obtained  by  all  thefe  precedes  is 
a  yellowilh  fluid,  as  volatile  as  vitriolic  ether  :  its  fmeil. 
bears  fome  analogy  to  that  of  this  laft,  although  it  is 
ftronger  and  lefs  agre'eable ;  its  tafte  is  hot  and  more 
difagreeable.  It  contains  a  little  fuperabundant  acid : 
it  raifes  up  the  cork  of  the  vefTel  in  which  it  is 
kept ;  becaufe  a  great  quantity  of  air  is  continually 
difengaged  :  burnt,  it  emits  a  more  brilliant  flame  and 
a  thicker  fmoke  than  vitriolic  ether  ;  it  alfo  leaves  a 
more  copious  coal :  laftly,  like  the  vitriolic  ether,  it 
takes  gold  from  its  folution,  and  charges  itfelf  with  a 
certain  quantity. 

The  refiduum  of  nitrous  ether  is  of  a  citron  yellow 
colour  ;  its  odour  is  acid  and  aromatic  ;  its  tafte'is  pun- 
gent, and  imitates  that  of  diftilled  vinegar.  If  it  is 
diftilled,  it  yields,  M.  Baume  fays,  a  clear  liquor,  of  a 
more  agreeable  fmell  than  that  of  nitrous  ether,  of  an 
agreeable  acid  tafte :  it  reddens  the  fyrup  of  violets, 
unites  with  water  in  all  proportions,  and  efFervefces 
with  mild  alkali  ;  then  a  yellow  amber-like  matter, 
friable,  fimilar  to  fuccinum,  which  attracts  humidity 
from  the  air,  becomes  pitchy,  and  diffblves  in  wa- 
ter without  rendering  it  mucilaginous,  remains  in 
the  retort.  M.  Baume'  calls  this  a  gummy  foapy  fub- 
ftance*    It  yields  upon  diftillation  a  few  drops  of  an 
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acidulous  very  clear  liquor,  of  an  oily  confidence,  and 
of  a  flight  empyreumatic  odour.  After  diftillation, 
there  remains  a  fpongy  brilliant  coal  without  tafte, 
and  very  fixed  in  the  fire.  M-  Bucquet  fays,  that  if 
the  liquor  is  evaporated  which  remains  after  the  forma- 
tion of  nitrous  ether,  it  acquires  the  confiftence  of  a 
mucilage,  and  in  time  faline  cryftals  form  very  like 
hairy  caterpillars,  to  which  has  been  given  the  name 
of  cryjlah  of  Hierne,  from  the  chemifl  who  firft  defcri- 
bed  them. 

Nitrous  ether  may  be  employed  in  the  fame  cafes  as 
the  vitriolic  ;  but  it  muft  be  given  in  a  fmaller  dofe  on 
account  of  its  greater  action  *. 

The 

*  M.  Baumc,  who  tried  many  experiments  to  determine  the  bed 
mode  of  preparing  nitrous  ether,  recommends  the  proportion  of 
two  pam  of  fuming  nitrous  acid  to  one  part  of  fpirit  of  wine.  The 
ule  of  a  larger  proportion  of  acid  never  fails  to  produce  a  moil  vio- 
lent explofion,  which  no  precaution  can  prevent  ;  and  the  employ- 
ment of  a  larger  proportion  of  fpirit  of  wine  would  be  unneceffary, 
as  fome  of  it  (Veins  to  remain  undecompofed  in  the  refiduum  of  the 
mixture  from  which  the  ether  has  bee«  feparated.  When  we  add 
the  acid  to  the  fpirit,  we  always  hear  a  crackling  noife,  which  M. 
Baume  thinks  mult  arife  from  the  a&ion  of  the  acid  upon  the  por- 
tion ot  the  fpirit  with  which  it  comes  into  contact,  and  which  it  di- 
lates to  a  very  great  degree.  But  what  I  chiefly  wifh  to  mark 
here,  is  the  occurrence  of  a  phenomenon  which  happened  during 
the  extrerrje  cold  of  laft  winter  (1783),  in  preparing  nitrous  ether 
after  M.  Baume's  method. 

The  phial  in  which  the  acid  was  added  to  the  fpirit  was  placed  in 
a  Freezing  mixture  of  fnow  and  fait,  and  both  the  ingredients  were 
taken  immediately  from  another  cold  expofure. 

After  about  half  an  ounce  of  acid  was  added,  befides  the  crack- 
ling noife  which  M.  Baume  defcribes,  a  number  of  fpicnlar  cryftals 
were  produced,  which  were  collcfted,  upon  decanting  the  mixture, 
into  another  vefTel. 

So  Curious  and  unexpected  an  appearance  induced  me  to  repeat 
the  experiment  under  the  fame  circumftances  ;  which  I  did  as  nearly 
as  poffiide,  though  entirely  without  fuccefs,  as  no  cryftals  were 
produced  in  the  mixture.  After  this  failure,  I  cooled  both  the 
acid  and  fpirit  feparately,  before  mixture,  down  to  30  degrees  be- 
low froft  in  ^areinheit's  fcale,  and  alfo  brought  the  phial  in  which 

they 
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The  marine  acid  has  no  fenfible  action  upon  fpirit  of 
wine  :  this  acid  is  only  dulcified  by  fimplc  mixture  with 
this  liquor,  as  the  two  others  are,  when  mixed  in  fmall 
quantity  with  fpirit  of  wine.  M.Baume,  in  his  DifTer- 
tation  upon  Ether,  fays  he  obtained  a  little  marine 

ether 

they  were  to  be  mixed  to  the  fame  temperature.  Upon  mixing, 
under  thofe  circuroftances,  the  experiment  fucceeded  to  my  wifh  ; 
and  exhibited  a  much  larger  number  of  fpicular  cryftals  than  the 
firft  one.  By  fome  accident  the  veffel  was  broke  in  which  thofe 
cryfUls  were  kept ;  and  I  have  not  fince  had  a  convenient  opportu- 
nity to  repeat  the  experiment.  There  is  indeed  fomething  very  in- 
explicable io  this  production  of  cryftals,  as  the  mixture  of  nitrons 
acid  an.]  good  fpirit  of  wine  commonly  produces  a  violent  degree  of 
heat,  and  ca'ufes  the  emiffion  of  vapours  which  cannot  be  repref- 
fed. 

M.  Baume  found  the  production  of  the  elaftic  fluid  fo  extremely 
troublefome  and  dangeroii3,  that  in  order  to  avoid  the  inconve- 
nience ariling  from  the  violent  Cxplofion,  he  contrived  to  fix  an 
empty  bladder  to  the  mouth  of  the  phial,  to  collect  all  the  vapour 
which  might  be  generated.  This  contrivance  ferved  the  purpofe  in 
preventing  the  danger  of  explofions,  though  not  without  the  lofs  of 
fome  ether,  which  was  always  collected  in  a  fmallcr  quantity  when 
this  apparatus  was  employed.  But  there  is  a  procefs,  very  elegant 
in  itfelf,  and  fuperior  to  M.  Banme's,  from  the  abfence  of  any 
troublefome  collection  of  inconliderable  vapour,  which  has  been 
practifed  for  fome  years  paft  by  Dr  Black  profeffor  of  chemiltry  in 
the  univerfity  of  Edinburgh.  Dr  Black  lakes  two  ounces  of  ftrong 
nitrous  acid,  which' he  puts  into  a  phial  :  he  pours  in,  very  flowly 
and  gradually,  a  quantity  of  water  nearly  equal  in  bulk  to  the  acid ; 
fo  that  by  trickling  down  the  fides  of  the  phial,  the  water  may  float 
upon  the  furface  of  the  acid  without  mixing:  he  next  adds,  in  the 
lame  cautious  and  gradual  manner,  three  ounces  of  highly-rectifif d 
fpirit  of  wine  ;  fo  that  the  fpirit  may  in  its  turn  float  upon  the  fur- 
face  of  the  water  in  the  fame  way  that  the  water  floats  upon  the 
furface  of  the  acid.  By  this  attentive  mode  of  proceeding,  Dr  Black 
keeps  the  three  fluids  feparate  by  means  of  their  different  fpecific 
gravities,  and  has  a  ftratum  of  water  interpofed  between  the  acid 
and  fpirit.  After  this  he  fets  the  phial  in  a  cool  fituation  ;  the  acid 
gradually  rifes  up  by  attraction  through  the  water,  mixes  with  the 
fpirit,  and  acts  upon  it  ;  and  in  proportion  to  this  forms  a  quantity 
of  nitrous  ether,  without  any  chance  of  producing  elaftic  vapours. 
The  ether  formed  by  this  procef3  is  extremely  pure,  and  very  fra- 
grant in  the  froell,  and  does  not  fo  neceflarily  require  feparation 
from  the  acid  by  rectification  U  that  by  M.  Baume's  procefs. 
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ether  by  mixing  the  vapours  of  thefe  two  fluids.  Lu- 
dolf  and  Pott  employed  butter  of  antimony.    M.  le 
Baron  de  Bornes  prescribed  diflblving  flowers  of  zinc 
in  marine  acid,  and  diftilling  the  fait  concentrated  by 
evaporation  in  clofe  veffels  with  fpirit  of  wine.  By 
this  procefs  we  very  eafily  get  marine  ether.    But  no 
berfofl  has  profecuted  the  fubjecl  with  fo  great  ardour 
and  fuccefs  as  M.  le  Marquis  de  Courtanvaux.  Ac- 
cording  to  the  procefs  prefcribed  by  this  chemift,  a  pint 
of  fpirit  of  wine,  with  two  pounds  and  a  half  of  fuming 
liquor  of  Libavius,  a  very  ftrong  heat  enfues,  and  a 
white  fuffocating  vapour  rifes,  which  difoppears  upon, 
agitating  the  mixture  :  an  agreeable  fmell  is  difenga- 
ged,  and  the  liquor  aflumes  a  citron  colour.    The  re- 
tort is  put  into  a  hot  fand-bath;  two  receivers  are  lu- 
ted, the  laft  "of  which  is  immerfed  into  cold  water.  A 
dephlegmated  fpirit  of  wine  foon  comes  over,  and 
then  the  ether :  it  is  perceived  by  its  fweet  fmell  and 
the  ftriae  which  it  forms  in  the  inner  furface  of  the  re- 
tort.    As  foon  as  this  fmell  changes  and  becomes 
ftrong  and  fuffocating,  the  receiver  is  changed,  and 
the  diftillation  continued :  a  clear  acid  liquor  is  ob- 
tained with  fome  drops  of  a  fweet  oil ;  a  yellow  matter 
fucceeds  of  a  butyraceous  confidence,  a  true  butter  of 
tin  ;  and,  laftly,  a  brown  heavy  liquor,  which  emits 
very  copious  white  vapours.    There  remains  in  the  re- 
tort a  powdery  grey  matter,  which  is  a  calx  of  tin. 
The  product  of  ether  is  poured  upon  fome  oil  of  tartar 
in  a  retort;  a  brifk  effervefcence  and  copious  precipi- 
tate enfues  from  the  tin,  which  the  acid  that  had  parted 
over  with  the  ether  kept  diffolved.    A  little  water  is 
added,  and  the  whole  diltilled  with  a  gentle  heat. 
About  the  half  of  this  product  is  obtained  as  marine 
ether.    All  the  liquors  which  pafs  after  this  marine 
ether  are  very  copious  in  tin:  they  attract  humidity 
from  the  air,  they  unite  with  water  without  precipita- 
ting.   It  is  not  well  known  to  what  this  fo  rapid  action 
of  the  marine  acid,  contained  in  the  fuming  liquor  up- 
on 
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on  fpirit  of  wine,  ought  to  be  afcribed,  when  this  acid 
pure  has  not  the  fmalleft  effect  :  but  it  appears  from 
_M.  Scheele's  experiments,  that  the  marine  acid  is  in 
its  dephlogifticated  ftate,  or,  according  to  the  new 
dodrine,  overcharged  with  air;  and  hence  its  action  in 
this  ftate. 

M.  de  laPlanche,  an  apothecary,  propofed  preparing 
marine  ether  by  pouring  upon  decrepitated  marine  fait 
in  a  tubulated  retort  fome  oil  of  vitriol  and  fpirit  of 
wine.  The  marine  gas,  difengaged  by  the  vitriolic 
acid,  meets  in  the  globe  the  fpirit  of  wine  in  vapour, 
with  which  it  combines.  An  acid  ether  rel'uks,  which 
is  rectified  with  fixed  alkali  by  diftillation.  Marine 
ether  is  very  tranfparent,  very  volatile:  it  has  near- 
ly  the  fame  fmell  as  vitriolic  ether  has ;  it  burns  like 
it,  and  yields  a  fmoke  fimilar  to  it.  But  it  differs 
from  it  in  two  properties ;  the  one  is,  its  exhaling,  in 
combuftion,  an  odour  as  pungent  and  as  active  as  that 
of  fulphureous  acid  ;  the  other  is,  its  having  a  ftyptic 
tafte,  refembling  that  of  alum.  Thefe  two  phenomena 
intimate,  that  this  ether  is  different,  and  perhaps  lefs 
perfect  than  the  other  two  :  no  doubt,  upon  a  farther 
examination  of  its  other  properties,  more  fmgular  dif- 
ferences will  yet  be  found  *. 

After 

*  To  form  pure  marine  ether  wa9  long  confidered  as  one  of  the 
mod  difficult  problems  in  chemiftry  ;  and  after  all  the  perfection  to 
which  the  procefs  baa  been  brought  by  the  labours  of  the  Marquis 
dc  Courtanvaux,  we  cannot  eafily  obtain  marine  ether,  from  the 
fmall  difpofition  which  the  marine  acid  has  to  unite  with  fpirit  of 
wine.  All  chemifls  who  have  wrought  upon  the  fuhjeft,  know  the 
amount  of  the  difficulty  from  their  own  experience  ;  aud  they  have 
all  been  inclined  to  afcribe  the  repugnance  between  the  two  fluids  to 
the  fmall  degree  of  attraction  which  fubfifts  between  this  acid  and 
phlogillon.  In  the  procefs  of  making  vitriolic  ether,  the  vitriolic 
acid  is  known  to  act  upon  the  principle  of  inflammability  of  the  fpi- 
rit of  wine,  fo  far  at  lea fl  as  to  become  highly  phlogifticated  iifclf, 
and  to  be  converted  into  the  volatile  fulphureous  acid.  If,  there- 
fore, the  muriatic  acid  could  by  any  means  be  rendered  capable  of 
attracting  phlogillon,  it  might  alfo  acquire  the  power  of  decompo- 
fjng  fpirit  of  wine,  and  of  forming  marine  ether.    Struck  with  the 

force 
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After  having  given  an  account  of  the  action  of  the 
three  mineral  acids  upon  fpirit  of  wine,  we  muft  refume 
the  hiftory  of  this  fluid.  The  action  of  the  other  acids 
upon  fpirit  of  wine  has  been  but  very  flightly  examined. 
It  is  known  that  it  eafily  unites  with  the  acid  of  borax  : 
this  fait  communicates  to  its  flame  a  green  colour;  that 
the  fpirit  of  wine  abforbs  more  than  its  own  volume  of 
aerial  acid.  As  to  the  neutral  fairs,  M.  Macquer  has 
determined,  that  the  vitriolic  falts  diffolve  but  with  dif- 
ficulty in  it,  that  the  nitrous  and  marine  falts  unite 
much  better,  and  that,  in  general,  it  diffolves  thcfe  fub- 
ftances  fo  much  the  more  eafily  that  their  acid  is  lefe  ad- 
herent. Spirit  of  wine,  boiled  upon  vitriolated  tartar 
and  Glauber's  fait,  difTolved  none  of  them.  Aerated 
tartar  and  foda  unite  with  it  in  fmall  quantity  :  the  molt 
part  of  the  ammoniacal.  falts  unite  with  it.  The  deli- 
quefcent  earthy  falts,  fuch  as  the  calcareous  nitrous  and 
marine  falts,  and  thofe  with  bafe  of  magnefia,  diffolve 
very  well  in  it.  Some  metallic  falts  aJfo  are  very  To- 
llable in  it ;  fuch  as  martial  vitriol  in  the  ftate  of  mother- 
water,  nitre  of  copper,  iron  and  copper  in  the  marine 
acid,  corrofwe  fublimate :  all  the  copper  falts  give  a 
very  beautiful  green  colour  to  its  flame. 

Spirit  of  wine  does  not  diffolve  fulphur  in  flicks  nor 

in 

force  of  this  analogy,  I  endeavoured  to  bring  the  conjefture  to  the 
tell  of  experiment,  by  mixing  dephl©gi(licated  marine  acid  with 
bighly-redtified  fpirit  of  wine.  For  this  purpofe,  I  put  fome  ma-> 
rine  acid  into  a  retort  along  with  fome  black  man^anefe  ;  placed  the 
retort  upon  a  fandheat,  raifed  the  fire,  and  directed  the  arid  vapour 
into  a  receiver  which  contained  fpirit  of  wine.  After  a  fhort  time, 
the  marine  acid  vapour  was  perceived  to  make  a  lenfible  impreflion 
upon  the  ardent  fpirit  in  the  receiver;  it  formed  an  intimate  union 
with  the  whole,  and  converted  a  portion  into  perfect  ether,  which 
wa3  feparand  from  the  reft  of  the  fpirit  by  rectification.  This 
etherial  liquor,  when  purified,  was  found,  upon  examination,  to  be 
completely  prepared,  and  in  all  its  properties  to  correspond  with,  if 
not  to  excel,  the  beft  marine  ether  made  in  a  very  tedious  and  com- 
plex manner.  Its  fmell  is  highly  fragrant,  inclining  to  that  of  ci- 
trous, and  its  mobility  nearly  equal  to  that  of  either  the  vitriolic 
or  nitrous;  This  procefs  is  both  eafy  and  expeditious,  and  will 
afford  a  convenient  method  of  obtaining  marine  ether  lo  thofc  who 
wifh  to  ftudy  the  fubieft  with  greater  accuracy. 
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in  flowers ;  but  it  unites  with  it  when  thefe  two  bodies 
are  in  the  ftate  of  vapour,  and  come  in  contact,  accor-' 
ding  to  the  difcovery  of  M.  le  Count  de  Lauraguais. 
His  procefs  confifts  in  putting  flowers  of  fulphur  into 
a  glafs  cucurbit,  and  in  placing  in  the  fame  vefTd,  and 
upon  the  flowers  of  fulphur,  a  glafs-tumbler  full  of  fpi- 
rit'of  wine,  heating  the  cucurbit  in  a  fand-bath,  and 
adapting  a  head  and  recipient.  The  fulphur  is  volatili- 
fed  at  the  fame  time  with  the  fpirit  of  wine :  thefe  two 
fubftances  combine ;  and  the  fluid  which  runs  into  the 
receiver  is  a  little  troubled,  and  emits  a  fetid  odour. 
It  contains  about  one  grain  of  fulphur  in  the  gros  of 
fpirit  of  wine. 

It  has  no  action  upon  the  metals  nor  their  calces.  It 
in  part  diflblves  fome  bitumens,  fuch  as  fuccinum  and 
ambergris ;  it  does  not  touch  thofe  that  are  black  and 
as  if  charry  :  it  is  obferved,  that  when  it  is  diftilled 
from  above  fait  of  tartar  it  unites  better  with  thefe  bitu- 
mens j  and  that  this  fait,  mixed  with  thefe  lafl,  render- 
ed them  much  more  diflbluble,  undoubtedly  by  convert- 
ing them  into  a  foapy  flate. 

There  are  few  vegetable  fubftances  upon  which  fpirit 
of  wine  has  not  a  more  or  lefs  remarkable  action  :  the 
extracts  lofe  their  colouring  part,  and  frequently  all 
their  fubftance,  when  they  are  of  the  nature  of  the 
extracto-refmous  or  refino-extractive  bodies :  the  fac- 
charine  and  foapy  juices  unite  with  it.  M.  Margraaf 
extracted  by  its  means  an  eflential  faccharine  fait  from 
fkirwort,  parfnips,  &c.  But  the  fubftances  with  which 
it  combines  molt  eafily  are,  the  eflential  oils,  the  fpi- 
ritus  rector,  camphor,  baliams,  and  refins.  Charged 
with  the  fpirirus  rector,  it  is  called  a  fpintuous  dijlillcd 
water.  To  prepare  thefe  fluids,  fpirit  of  wine  is  diftilied 
•with  the  odorous  plants  in  a  balneum  marice.  The  fpi- 
rit attracts  the  principle  of  odour,  and  is  volatilifed  along 
with  it:  it  diflblves  alfo  a  part  of  their  eflential  oil,  whicti 
makes  it  whiten  upon  mixture  with  diftilled  water  ;  but 
it  is  feparated  from  this  foreign  principle  by  rectifying  it 
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in  a  balneum  marine  with  a  very  gentle  heat ;  and  care 
is  taken  to  draw  over  only  three-fourths  of  the  fpirit  of 
wine  employed,  in  order  to  have  only  the  fpiritus  rec- 
tor. Thefe  fpirituous  diftilled  waters  acquire  an  odour 
more  agreeable  as  they  become  old  ;  and  it  appears  that 
the  odorous,  principle  combines  more  and  more  intimate- 
ly with  the  fpirit  of  wine.  Spiritus  rector  has  fo  great 
an  aiiinity  with  fpirit  of  wine,  that  this  laft  is  capable 
of  carrying  it  off  from  the  elFential  oils  and  water.  In 
fhort,  by  diftilling  fpirit  of  wine  from  thr  effential  oils 
and  water,  charged  with  the  odour  of  a  plant,  the  fpi- 
rit feizes  the  odorous  principle,  and  leaves  the  oil  and 
water  without  odour.  It  is  obferved,  that  fpirit  of  wine 
diflblves  better  the  heavy  and  thick  efiential  oils,  than 
thofe  which  are  more  fluid  and  light.  Water  dilunites 
this  compound  :  it  precipitates  the  oil  in  the  form  of 
white  and  opaque  globules ;  but  the  fpiritus  rector 
unites  with  the  fpirit  of  wine.  Spirit  of  wine  eafily 
diflblves  camphor  in  the  cold,  but  better  by  means  of 
heat.  This  folution,  very  copious,  as  two  gros  in  the 
ounce  of  fpirit  of  wine,  mixed  with  water  which  has 
been  added  gradually  and  by  drops,  yields  a  cryfialline 
vegetation,  obferved  by  M.  Romieu :  it  is  a  perpendi- 
cular filament,  upon  which  needles  are  implanted  which 
rife  from  the  filament  under  an  angle  of  fixty  degrees. 
This  experiment  fucceeds  but  rarely ;  and  it  requires 
much  nicety  in  the  quantity  of  water,  cooling,  fat. 

The  name  of  tinctures,  elixirs,  balfams,  quinteffence, 
has  been  given  to  the  compounds  of  oily  or  refinous 
juices,  and  fpirit  of  wine,  which  is  fufHciently  charged 
with  thefe  fubflances,  to  have  a  great  colour,  and  to 
be  copioufly  precipitated  by  water.  They  are,  as  the 
diftilled  waters,  either  fimple,  when  they  hold  only  one 
fubftance  in  folution  ;  or  compound,  when  they  con- 
tain more.  Thefe  medicines  are  prepared  in  general  by 
expofing  the  juice  in  powder,  or  the  plant  dry,  whofe 
efiential  oil  or  refin  is  to  be  diflblved,  to  the  action  of 
the  fpirit  of  wine,  which  is  aflifted  by  agitation  and  the 
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gentle  heat  of  the  fun  or  of  a  fand-bath.  When  the  re-' 
fins  of  feveral  plants  or  any  vegetable  fubftances  are  to  be 
extraded  at  a  time,  thefe  fubltances  muft  firft  be  digeft- 
ed  in  the  fpirit  which  are  mod  difficultly  a&ed  upon  ; 
and  thofe  mud  be  fucceflively  expofed  to  its  aftion 
which  are  the  mod  foluble :  when  this  menftruum  is  as 
fully  charged  as  can  be,  it  is  filtrated.  Sometimes  a 
compound  tincture  is  at  once  made,  by  mixing  feveral 
fimple  tinctures :  in  this  way  the  elixir  proprietatis  is 
prepared,  by  mixing  the  tincture  of  myrrh  and  that  of 
faffron  and  aloes  together.  Refins  and  balfams  may  be 
feparated  from  fpirit  of  wine  by  pouring  fome  water  into 
the  tinctures,  or  by  diftillation.  But  in  thefe  two  cafes 
the  fpirit  retains  the  odorous  principle  of  thefe  two  fub- 
ftances. Water  cannot  decompofe  the  tinctures  form- 
ed of  the  refino-extractive  or  extracto-refinous  fub- 
ftances ;  as  thofe  of  rhubarb,  faffron,  opium,  gum£am« 
moniac,  &c.  becaufe  thefe  two  fubftances  are  e'qually 
foluble  in  thefe  two  menftrua. 

Spirit  of  wine  and  aquavitae  are  of  very  extenfive  and 
various  ufes  in  life.  The  latter  is  drunk  to  fupport  op- 
preffed  fpirits ;  but  its  excefs  is  dangerous,  as  it  dries 
the  fibres,  and  produces  tremors,  palfies,  obftructions, 
dropfies.  Pure  fpirit  of  wine,  or  united  with  camphor, 
is  employed  as  an  external  remedy  in  flopping  the  pro- 
grefs  of  gangrenes. 

Diftilled  fpirituous  waters  are  adminiftered  in  medi- 
cine as  tonic,  cordial,  antifpafmodic,  ftomachic,  medi- 
cines. They  are  exhibited  diluted  with  water  or  fweet- 
ened  with  fyrup. 

Drinks  are  made  with  thefe  waters  and  fugar  called 
ratafias.  Thefe,  well  prepared  and  taken  in  fmalL 
quantity,  may  be  very  ufeful ;  but  in  general  they  agree 
with  few  perfons,  and  they  may  be  hurtful  to  many. 
Excefs  in  thefe  kinds  of  liquors  bodes  the  greatefl  dan- 
ger ;  and  inftead  of  ftrengthening  the  body  and  fto- 
mach,  as  is  very  commonly  believed,  they  produce  for 
the  molt  part  an  entirely  oppofite  effect;  thofe  which 
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are  the  Ieafl:  hurtful,  when  they  are  drunk  rarely  and 
moderately,  ought  to  be  prepared  in  the  cold  with 
one  part  of  fpirit  of  wine  diftilled  upon  the  aromatic 
fubftance  whofe  fmeli  we  with  to  communicate  to  it, 
two  parts  of  water,  and  one  part  of  pure  fugar. 

The  tinctures  have  nearly  the  fame  virtues  with  the 
diftilled  fpirituous  waters;  but  their  action  is  much 
ftronger ;  for  which  reafon  they  are  employed  in  a 
much  fmaller  dofe,  or  in  the  form  of  pills,  or  with  wine, 
or  alfo  in  aqueous  liquors.  The  precipitate  which  they 
form  in  this  liquor  is  likewife  fufpended  in  the  mixture  ; 
and  befides,  the  colouring  part  remains  diffolved  in  the 
fpirit  of  wine. 

Laftly,  fpirit  of  wine,  united  with  refin-copal,  the  oil 
of  fpike  or  lavender,  and  that  of  turpentine,  forms  var- 
nilhes  called  dry  varnijhes  ;  becaufe,  by  applying  a  layer 
of  this  compound  to  the  bodies  we  want  to  varnifh,  the 
fpirit  flies  off  readily,  and  leaves  a  tranfparent  refinous 
lamina.  The  effential  oils  which  are  mixed  with  them 
hinder  them  from  drying  too  readily,  and  they  prevent 
them  from  being  brittle  by  the  unctuofity  which  they 
communicate. 


LECTURE  LV. 

Of  Tartar. 

TARTAR  is  an  effential  acid  fait,  united  with  a 
portion  of  vegetable  alkali  and  oil,  which  is  depo- 
fited  upon  the  fides  of  the  barrels  during  the  infenfible 
fermentation  of  the  wine.  It  is  not  a  product  of  the 
fpirituous  fermentation,  as  fome  chemifts  have  fuppofed, 
fince  M.  Rouelle  junior  found  it  ready  formed  in  mull 
and  verjuice.  - 

It  is  in  the  form  of  irregular  plates,  difpofed  in  lay- 
ers, often  filled  with  brilliant  cryftals,  of  an  acid  and 
vinous  tafte.  We  diftinguilh  white  arid  red  tartar; 
which  do  not  differ  but  in  the  red's  containing  more  ex- 
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tractive  colouring  part.  Crude  tartar,  expofed  to  tncr 
fire  in  clofe  veflels,  gives  over  an  acid  reddilh  phlegm,, 
an  oil  at  firft  light,  then  heavy,  coloured,  and  empy- 
reumatic ;  a  little  volatile  alkali ;  and  a  great  quantity 
of  aerial  acid,  which  Hales,  Boerhaave,  and  feveral 
other  chemills,  miftook  for  air.  A  coal  remains  which 
contains  much  fixed  alkali,  and  which  incinerates  ea- 
fily.  By  the  combuftion  and  incineration  of  the  tartar, 
a  very  pure  vegetable  fixed  alkali  is  extracted.  Some 
tartar  in  powder  is  put  into  cornets  of  paper,  which  are 
then  Iteeped  in  water ;  the  cornets  are  arranged  in  a 
furnace  between  two  beds  of  charcoal,  which  is  kindled  t 
when  the  fire  is  out,  the  cornets,  which  prefcrve  their 
form,  are  taken  out ;  they  are  waifhed  with  cold  diffil-. 
led  water,  to  fee  what  they  contain  :  the  ley  is  filtrated, 
and  evaporated  to  a  pellicle ;  it  is  left  to  cool,  to  fepa- 
rate  from  it  the  vitriolated  tartar :  the  water  is  poured 
off  from  this  fait,  evaporated,  and  cryftallifed  afrefh,  till 
it  yields  no  more  vitriolated  tartar :  then  it  is  evapora- 
ted to  drynefs  ;  and  by  this  means  a  vegetable'fixed  al- 
kali is  obtained,  united  with  a  portion  of  fixed  air,  and 
always  containing -a  little  vitriolated  tartar. 

Tartar  diflblves  in  water  with  difficulty,  fince  an- 
ounce  of  this  fluid,  at  the  temperature  of  ten  degrees 
above  ice,  takes  up  enly  four  grains.  As  it  contains 
much  oiiy  and  colouring  matter,  it  is  purified  by  folu- 
tion  and  cryftallifation  at  Ancane  and  CalvifTon,  in  the 
neighbourhood  of  Montpelier.  We  owe  the  details  of 
this  purification  to  M.  Figes.  He  has  added  them  in  a 
memoir,  printed  among  thofe  of  the  Academy  1725.- 
The  tartar  is  maJe  to  boil  in  water ;  the  fetation  is  filtra- 
ted boiling:  it  turns  turbid  upon  cooling,  and  depofites 
irregular  cryftals,  which  form  a  parte:  this  parte  is 
made  to  boil  in  copper  veffcls  with  water,  prcvioufly 
mixed  with  an  argillaceous  earth  brought  from  the  vil- 
lage of  Mervicl,  two  leagues  from  Montpelier:  it  throws 
•oft  fcums,  which  are  carefully  taken  off,  and  then  a 
ftline  pellicle  is  formed  :  the  fire  is  lowered  j  the  pel- 
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Tide  is  broken,  which  mixes  with  the  cryftals  which  are 
precipitated  from  the  folutinn  :  the  cryftals  are  warned 
with  water  to  carry  off  the  earth,  which  renders  them 
impure;  and  they  are  fent  to  market  under  the  name 
■of  cream  or  cryftals  of  tartar ;  which  differ  only  in  the 
cream  being  depofited  at  the  furface,  while  the  cryftals 
are  depofited  at  the"bottom  of  the  liquor.  It  feems  that 
the  white  clay  feems  to  deprive  the  tartar  of  its  oily- 
matter  and  extractive  part. 

At  Venice,  tartar  is  purified  in  a  manner  a  little  dif- 
ferent, according  to  M.  Defmaretz  :  the  fait  in  powder 
is  diffolved  in  boiling  water  ;  the  impure  matters  which 
it  contains  are  left  to  depofite,  and  they  are  carefully 
taken  away:  the  liquor  yields  cryftals  by  repofe  and 
cooling.  Thefe  cryftals  are  redilfolved  in  water,  which 
is  heated  flowly :  when  this  new  folution  is  boiling, 
bruifed  whites  of  eggs  are  thrown  in,  and  afhes  paffed 
through  a  fieve  :  the  afhes  are  mixed  fourteen  or  fifteen 
times:  we  take  oft'  the  fcum  which  the  eftervefcence 
occafions,  and  leave  the  liquor  to  fettle.  Very  foon  a 
pellicle,  and  very  white  faline  cryftals,  are  formed  ;  the 
water  is  poured  off,  and  the  fait  dried  :  this  method  al- 
ters the  nature  of  tartar,  and  changes  a  part  into  vege- 
table fait.  It  is  the  cream  of  tartar,  or  tartar  purified  about 
Montpelier,  whofe  properties  we  are  going  to  examine. 

Very  pure  cream  of  tartar  is  cryftallifed,  but  in  a  very 
irregular  manner.  It  has  a  four  and  lefs  vinous  tafte 
than  the  crude  tartar.  When  it  is  put  upon  a  burning 
coal,  it  emits  much  fmoke,  which  has  a  pungent  empyreui- 
matic  fmell :  ic  becomes  black  and  charry.  Diltiiled  in 
a  glafs  retort  in  a  pneumato-chemical  apparatus,  by  con- 
ducting the  fire  gradually,  a  phlegm,  at  firlt  lli^htly 
coloured  and  flightly  acid,  is  obtained  :  then  a  ftronger 
and  deeper-coloured  acid  paffes;  an  oil,  which  affumes 
gradually  colour  and  confidence,  whofe  frnell  is  empy- 
reumatic;  laftly,  lbme  concrete  volatile  alkali,  and  a 
great  quantity  of  aerial  acid.  A  verv  copious  coal  re- 
gains in  the  retort,  which,  walhed  without  incinerar 
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tion,  yields  abundance  of  fixed  alkali.  All  thefe  pro- 
ducts may  be  rectified  by  diftillation  with  a  gentle  fire, 
The  phlegm  paffes  over  almoft  without  colour ;  the  oil 
becomes  very  white  and  very  volatile  in  this  rectifica- 
tion ;  the  volatile  alkali  is  in  part  combined  with  the 
acid,  and  is  obtained  in  a  feparate  and  pure  ftate  only 
by  diftilhng  the  laft  portions  of  phlegm  with  the  addi- 
tion of  fixed  alkali.  As  for  the  coal,  the  fixed  vege- 
table alkali  which  it  contains  is  not  produced  in  the 
operation,  as  fome  chemifts  have  imagined,  who  were 
not  fully  acquainted  with  the  nature  of  cream  of  tartar; 
but  it  is  ready  prepared  in  this  fubftance.  It  is  to  this 
fixed  alkaline  fait  that  the  production  of  volatile  alkali 
is  owing,  formed  by  the  reaction  of  the  former  upon 
the  oil :  the  quantity  of  this  volatile  fait  may  alfo  be 
augmented  by  diftilling  the  oil  obtained  from  the  cream 
of  tartar  from  above  the  coal  which  is  left  in  its  ana- 
lyfis  in  the  retort. 

Cream  of  tartar  fuffers  no  alteration  from  the  air. 
It  diffolves  in  twenty-eight  times  its  weight  of  boiling 
water;  and  it  cryftallifes  by  cooling,  but  in  a  very  re- 
markable manner.  A  certain  quantity  of  earth  iepa- 
rates  from  the  folution  of  this  fait,  arifing  undoubtedly 
from  that  employed  in  this  purification.  This  folution 
reddens  the  tincture  of  turnfol,  and  has  an  acid  tafte. 

It  is  uncertain  what  is  the  action  of  the  quartzy,  ar- 
gillaceous, and  ponderous  earths  upon  cream  of  tartar. 
Meffrs  the  Chemifts  of  the  Academy  of  Dijon  have 
obferved,  that  magnefia,  formed  with  cream  of  tartar 
a  foluble  fait,  which  the  fixed  alkali  decompofed, 
and  which  evaporated  in  the  free  air,  gave  fmall  prif- 
matic  cryftals,  difpofed  like  the  rays  of  the  fun.  This 
tartarous  fait,  expofed  to  the  fire,  bubbles 'up,  and  is 
converted  into  a  light  coal. 

Several  chemifts  have  very  fully  dcfcribed  the  action 
of  lime  and  chalk.  When  fome  chalk  is  thrown  into  a 
folution  of  cream  of  tartar,  an  effervefcence  is  produ- 
ced from  the  difengagement  of  the  aerial  acid,  and  a 
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very  copious  precipitate  is  formed :  this  precipitate  is 
the  combination  of  the  tartarous  acid  and  lime  :  the  fu- 
pernatant  liquor  contains  a  neutral  fait  fully  formed  in 
the  cream  of  tartar,  and  compofed  of  its  acid  united 
with  the  vegetable  fixed  alkali :  this  fait,  as  we  mail 
fee  more  fully  afterwards,  is  known  by  the  name  of/o- 
luble  tartar. 

To  M.  Rouelle  junior  this  excellent  analyfis  of  cream 
of  tartar  is  owing  :  it  proves,  i .  That  this  fubftance  is 
compofed  of  a  fuperabundant  oily  acid,  and  of  a  cer- 
tain quantity  of  this  acid,  united  with  the  vegetable  fixed 
alkali  in  the  ftate  of  a  neutral  fait.  2. That  the  combination 
of  the  tartarous  acid  with  lime  forms  a  neutral  fait  having 
very  little  folubility.  M.Prouft  difcovered,  that  the  cal- 
careous tartarous  fait,  diftilled  in  a  retort,  leaves  a  re- 
fiduum  which  kindles  in  the  air  like  pyrophyrus.  M. 
Bergman,  in  his  Differtation  upon  the  Ele&ive  Attrac- 
tions, gives  a  procefs  for  feparating  the  tartarous  acid 
from  this  fait.  He  prefcribes  warning  with  diftilled 
water  the  precipitate  formed  by  chalk  thrown  into 
a  folution  of  cream  of  tartar,  putting  this  calx  tar- 
tarifata  into  a  phial,  and  pouring  above  it  eight  times 
its  weight  of  vitriolic  acid,  formed  of  one  part  of  oil  of 
vitriol  and  eight  parts  of  water.  This  mixture  is  left  in 
digeftion  for  twelve  hours,  and  frequently  agitated  with 
a  wooden  fpatula  ;  the  clear  liquor  above  the  depofition 
is  poured  off;  this  is  warned  with  water  till  it  has  no 
tafte,  and  this  ley  mixed  with  the  firft  liquor.  This 
is  the  tartarous  acid.  It  is  evident,  that  in  this  experi- 
ment the  vitriolic  acid  has  decompofed  the  calx  tartari- 
fata,  and  formed  felenite  by  difengaging  the  tartarous 
acid  which  the  water  difiolved.  The  acid  thus  obtained, 
contains  almoft  always  a  little  vitriolic  acid  ;  it  is  puri- 
fied by  adding  a  little  calx  tartarifata,  whofe  acid  is  dif- 
engaged  by  the  vitriolic  and  left  pure.  M.  Bergman 
adds,  that  the  folution  of  this  acid,  evaporated  to  the 
confidence  of  a  clear  fyrup,  yields  laminated  cryftals, 
very  feparate  from  one  another  $   that  thefe  cryftals 
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blacken  on  the  fire,  yield  to  the  retort  an  acidulated 
phlegm  and  a  little  oil ;  and  that  the  coal  which  they 
leave  is  neither  acid  nor  alkaline.  From  thefe  details 
it  appears,  that  the  tartarous  acid  contains  oil  like  all 
vegetable  acids. 

Cream  of  tartar  unites  very  well  with  the  different  al- 
kalis. Some  powdered  cream  of  tartar  is  thrown  into  a 
folution  or  fixed  fait  of  tartar ;  a  brifk  effervefcence  ari- 
fes,  produced  by  the  difengagement  of  the  aerial  acid ; 
cream  of  tartar  is  added  to  the  point  of  faturation  ;  the 
liquor  is  boiled  half  an  hour  and  filtrated  ;  it  is  evapo- 
rated and  Itft  to  cool  llowly  ;  long  fquare  cryftals  form, 
terminated  by  two-iided  figures.  This  fait  is  called  ve- 
getable fait,  foluble  tartar,  tartar  tartarifata  :  it  has  a 
bitter  talte  ;  it  becomes  coaly  when  it  is  greatly  heated  j 
it  is  decompofed  in  a  retort,  and  yields  an  acid  phlegm, 
oil,  and  a  great  quantity,  of  fixed  air  ;  it  attra&s  in  a 
fmall  degree  humidity  from  the  air  ;  it  diffolves  in  four 
parts  of  di Hilled  water  ;  it  is  decompofed  by  the  mine- 
ral acids,  and  likewife  by  mod  of  the  metallic  folu- 
tions. 

Cream  of  tartar,  combined  with  the  mineral  alkali, 
forms  the  fal  de  Seignette,  fo  called  from  an  apothecary 
of  Rochelle,  who  was  the  firft  who  made  it  known.  It 
is  prepared  by  putting  twenty  ounces  of  cream  of  tar- 
tar into  four  pounds  of  boiling  water;  very  pure  alkali 
of  foda  is  added  to  the  point  of  faturation,  which  is 
known  when  no  more  effervefcence  enfues  upon  addi- 
tion of  the  alkali.  This  combination  renders  cream  of 
tartar  foluble.  The  liquor  is  evaporated  to  almoft  the 
confidence  of  a  fyrup,  and  it  yields  by  cooling  very 
beautiful  regular  cryftals,  often  of  a  confiderable  fize. 
They  are  prifms  with  fix,  eight,  or  ten  unequal  fides, 
truncated  at  right  angles  at  their  extremities.  The 
prifms  are  for  the  molt  part  cut  into  two  in  their  length, 
and  the  larger  fide  or  bafe  upon  which  they  rpft  is 
marked  with  two  diagonal  lines  which  crofs  in  the 
middle,  and  divide  this  bafe  into  four  triangles.  Sal  de 
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Seignette,  which  was  fold  at  firff.  as  a  fecret,  and  difco- 
veredat  the  fame  time  byMeflrs  Boulduc  and  GeofFroy 
1731,  has  a  bitter  tafte  ;  it  is  decompofed  in  the  fire  as 
the  vegetable  fait ;  it  efflorefces  in  the  air,  becaufe  it 
contains  much  water  of  cryftallifation  ;  it  is  almoft  as 
foluble  as  the  vegetable  fait,  and  decompofable  like  it  by 
the  mineral  acids  and  metallic  folutions.  The  mother- 
water  of  this  fait  contains  the  portion  of  vegetable  fait, 
which  made  part  of  the  cream  of  tartar. 

The  volatile  alkali  forms  with  cream  of  tartar  a  tar- 
tarous  ammoniacal  fait,  which  cryftallifes  very  well  by 
evaporation  and  cooling.  M.  Bucquet  fays,  that  its  cry- 
ftals  are  rhomboidal  pyramids.  M.  Macquer  obferved 
fome  of  them  in  large  prifms  with  four,  five,  or  fix  fides; 
others  fwelled  in  the  middle,  and  terminated  by  very 
acute  points.  And  Meflrs  the  Dijon  Academicians,  ob- 
tained fome  of  it  in  parallelopipeds  with  two  alternate 
two  Tided  figures.  This  fait  has  a  cool  tafte,  and  is  de- 
compofed by  the  fire  \  it  efflorefces  in  the  air  j<*  it  is  more 
foluble  in  hot  than  in  cold  water,  and  cryftallifes  by 
cooling  ;  lime  and  the  fixed  alkalis  difengage  its  volatile 
alkali ;  it  is  decompofed  by  the  mineral  acids  and  me- 
tallic folutions. 

Meflrs  Pott  and  Margraaf  heated  cream  of  tartar  with 
the  mineral  acids,  and  the  latter  extracted  from  it  neu- 
tral falts  refembling  thofe  which  each  of  thefe  acids 
forms  with  the  vegetable  fixed  alkali ;  from  whence  he 
concluded,  that  this  alkali  is  ready  formed  in  the  cream 
of  tartar.  M.  Rouelle  junior,  who  has  made  the  moft 
numerous  and  accurate  experiments  upon  cream  of  tar- 
tar, obtained  the  fame  refults.  By  putting  a  pound  of 
very  finely  -powdered  cream  of  tartar  upon  a  pound  of 
oil  of  vitriol,  the  mixture  turns  hot ;  their  reciprocal 
action  is  favoured  by  the  heat  of  a  balneum  maricc  and 
agitation  with  a  glafs  rod  ;  this  heat  is  continued  for  ten 
or  twelve  hours  ;  the  mixture  becomes  thick  like  milk, 
two  or  three  ounces  of  boiling  dittilled  water  are  poured 
upon  it,  which  communicate  fluidity  ;  it  is  left  in  a 
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balneum  mariae  about  two  hours;  then  it  is  taken  from 
the  fire,  and  three  pints  of  boiling  diftilled  water  are 
added.  This  folution  is  coloured  and  opaque,  contains 
free  vitriolic  acid,  a  portion  of  cream  of  tartar  unde- 
compofed,  and  vitriolated  tartar.  The  excefs  of  acid  is 
faturated  by  chalk  ;  the  felenite  precipitates  with  a  little 
cream  of  tartar  ;  the  mixture  is  filtrated  and  evaporated  j 
it  yields  a  little  cream  of  tartar  and  felenite  till  it  be  re- 
duced to  eighteen  or  twenty  ounces ;  then  it  is  decant- 
ed and  evaporated  a-new ;  it  yields  by  repofe  cryftals  of 
true  vitriolated  tartar ;  all  of  which  may  be  thus  obtained 
by  repeated  evaporations  and  cryftallil'ations.  This  fait 
is  mixed  always  with  a  little  cream  of  tartar,  and  it  con- 
fumes  upon  a  red  iron  ;  but  by  ablution  with  a  proper 
quantity  of  diftilled  water  it  is  diffolved,  and  the  cream 
of  tartar  remains  at  the  bottom  of  the  velfel.  Such  is 
the  procefs  deicribed  and "  repeated  with  fuccefs  by 
M.Berniard  after  M.  Rouelle,  Journ.  de  Phyfique,  torn. 
17.  page  183,  184. 

The  nitrous  and  muriatic  acids,  treated  in  the  fame  way 
with  cream  of  tartar,  yield  nitre  and  febrifugal  fait ;  which 
proves  without  any  dubiety  the  prefence  of  fixed  alkali 
in  this  fubftance. 

Cream  of  tartar  acquires  folubility  by  the  union  of 
borax  and  fedative  fait,  according  to  the  experiments  of 
M.  de  Laffone.  One  part  qf  this  laft  fait  may  render 
foluble  even  four  parts  of  cream  of  tartar.  This  mixed 
folution  when  evaporated  yields  a  gummy,  greenilh, 
and  ftrongly  acid  fait. 

Cream  of  tartar  feems  capable  of  uniting  with  mod 
of  the  metallic  fubftances,  as  demonftrated  by  M.  Mon- 
net  and  the  Dijon  Academicians  :  But  as  all  thefe  com- 
binations have  been  but  flightly  examined,  we  fhall  con* 
fine  ourfelves  to  thofe  of  antimony,  mercury,  lead,  and 
iron,  becaufe  thefe  compounds  are  raoft  known,  and 
moft  employed  in  medicine. 

The  combination  of  antimony  with  cream  of  tartar 
is  called  Jliblated  or  antimoniated  tartar.   As  it  is  one 
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I  of  the  mod  important  remedies  which  chemiftry  affords 
!  to  medicine,  its  properties  muft  be  carefully  examined. 
Since  the  time  of  Adrien  de  Mynficht,  who  fir  ft  made 
it  known  1631,  different  preparations  of  it  have  been 
offered.  The  pharmacopoeias  and  chemical  works  all 
differ,  either  in  the  antimonial  fubftances  which  mould 
be  employed,  or  in  their  quantity,  and  likewife  in  that 
of  the  water  and  cream  of  tartar ;  or,  laftly,  in  the  me- 
thod of  making  it.  In  M.  Bergman's  differtation  upon 
this  medicine,  we  have  a  very  good  fketch  of  the  dif- 
ferent proceffes  offered  exprefsly  for  its  preparation.  It 
has  been  fucceflively  ordered  to  ufe  the  crocus  metallo- 
rum,  liver,  glafs,  and  flowers  of  antimony  :  fome  have 
directed  to  boil  thefe  with  the  cream  of  tartar  and  a 
greater  or  lefs  quantity  of  water  for  ten  or  twelve  hours : 
others  require  only  an  ebullition  of  half  an  hour  :  and, 
laftly,  fome  authors  wifh  the  nitrated  ley  evaporated 
to  drynefs ;  and  others  require  it  to  be  cryftallifed,  and 
only  the  cryftals  to  be  employed  in  medicine.  From 
thefe  different  methods,  it  muft  happen  that  the  anti* 
moniated  tartar  is  not  always  the  fame,  poffeffing  dif- 
ferent degrees  of  ftrength  ;  fo  that  there  cannot  be  any 
certainty  in  its  effects.  Thus  M.  Geoffroy,  who  exa- 
mined feveral  ftibiated  tartars  of  different  degrees  of 
ftrength,  found  by  analyfis,  that  the  weaken1:  contain  in 
the  ounce  from  thirty  grains  to  a  gros  and  eighteen 
grains  of  regulus  ;  thofe  of  av  middle  emetic  quality  a 
gros  and  a  half ;  and  the  moft  powerful  two  gros  ten 
grains.  The  glafs  of  antimony  has  been  preferred  to 
the  other  antimoniated  fubftances,  becaufe  it  is  one  of 
the  moft  foluble  by  cream  of  tartar :  but  this  glafs  may 
be  more  or  lefs  calcined  ;  and  thefe  different  degrees 
of  calcination  ought  to  influence  its  emetic  quality. 
However,  by  taking  very  tranfparent  and  porphyrifed 
glafs  of  antimony,  boiling  it  in  water  with  an  equal  part 
of  cream  of  tartar  till  this  laft  be  faturated,  filtrating 
and  evaporating  this  folution  with  a  gentle  heat,  cry- 
ftals of  ftibiated  tartar  are  obtained  by  cooling  and  re- 

pofe, 
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pofe,  whofe  degrees  of  ftrength  feem  to  be  very  con, 
(lant.  The  liquor  is  Recanted  and  evaporated,  and  fur- 
nifhes,  by  different  fucceflive  evaporations,  new  cry- 
ftals.  The  mother-water  contains  fome  Culphur,  vege- 
table alkali,  and  a  certain  quantity  of  liver  of  fulphur. 
When  we  filtre  the  mixture  of  cream  of  tartar,  glafe 
of  antimony  and  water,  a  kind  of  yellow  or  brown  jelly 
remains  upon  the  filtre,  wtiich  M.  Jlouelle  has  deicri- 
bed.  This  jelly  diftilled  yields  a  very  inflammable 
pyrophorus  difcovered  by  M.  Prouft . 

M.  Macquer  has  propofed  to  fubftitute  to  the  glafs 
the  powder  of  algaroth  %  which  by  itfelf  is  a  violent 

emetic  j 

*  This  precipitate  is  commonly  made  by  the  addition  of  a  large 
quantity  of  water,  which  attracts  the  acid,  and  occafions  the  depo- 
fition  of  the  metallic  part.     The  Edinburgh  college,  in  adopting 
this  procefs,  employ  a  folution  of  alkaline  fait,  which  entirely  frees 
the  precipitate  from  any  muriatic  acid.    It  is  evident,  that  the  ba- 
lls of  which  tartar  emetic  is  made  in  this  procefs,  is  always  of  a  fi- 
milar  nature,  as  the  metals  lofe  phlogifton  before  they  are  difiolv-d 
in  acids,  and  conftantly  fall  equally  calcined  when  the  precipitation 
is  not  occafioned  by  a  body  which  can  furnifh  phlogifton.  Neither 
water  nor  alkali  contains  phlogifton  ;  fo  that  by  the  ufe  of  either 
precipitant  the  powder  of  algaroth  is  exactly  the  fame.    In  tbe 
common  way  of  combining  muriatic  acid  with  antimony,  this  scid 
muft  firft  be  united  with  mercury,  as  it  does  not  direftly  attack  the 
regains  ;  ?nd  the  compofuion  is  completed  by  a  decompofition  du- 
ling  diftillation.     But  as  this  procurfs  is  extremely  tedious  and  labo- 
rious, a  fet  of  experiments  was  lately  made  here,  to  accomplilh  the 
end  in  aa  eafier  and  more  expeditious  manner.    It  was  obferved,  in 
the  note  upon  manganefe,  that  tbe  marine  acid  undergoes  great 
changes,  and  becomes  vaftly  more  active  when  diftillcd  from  the 
black  calx  of  this  metal.    A  trial  was  made  how  far  the  acid,  in 
this  Itate, '  could  diflolve  antimony  direttly,  without  the  intervention 
of  corrofive  fublimate.    The  marine  acid  and  manganefe  were  put 
into  the  retort,  and  the  reguline  antimony,  as  advantageoufly  expo- 
fed  to  the  incondenfible  (teems  of  the  acid  as  poffible,  into  t!ie  re- 
ceiver with  a  fmall  quantity  of  water.    When  the  acid  came  over, 
it  was  found  to  attack  the  antimony,  and  to  diflolve  it  completely; 
fo  that  when  the  procefs  was  finifhed,  there  was  a  perfeft  folution 
of  antimony  in  muriatic  acid.  After  the  fuccefs  of  this  experiment, 
a  trial  was  farther  made  of  the  action  of  tl  i3  dephlogifticated  acid 
opon  crude.antimoiiy.    Here  it  was  found  to  attack  the  antimony 

very 
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emetic;  becaufe  this  powder,  precipitated  from  the 
butter  of  antimony  by  water,  is  always  of  the  fame  de- 
gree of  ftrength.  M.  Bergman  adopted  the  opinion  of 
If.  Macquer ;  and  fince  that  time  an  emetic  tartar  is 
prepared  in  the  laboratory  of  the  Dijon  academy,  ac> 
cording  to  the  method  of  this  chemift  and  of,  M.  de 
LaiTone.  This  medicine  has  been  employed  with  the 
greateft  luccefs  :  it  operates  in  the  dofe  of  three  grains 
without  fatiguing  the  ftomach  or  inteltines.  Stibiated 
tartar  is  cryltallifcd  in  three-fided  pyramids :  it  is  very 
tranfparent :  it  is  decompofed  by  the  fire,  and  becomes 

charry  ; 

very  powerfully,  and  at  the  fame  time  the  fulphur.  However,  the 
power  of  depblogifticated  marine  acid  vapours  to  decompofe  the 
fulphur,  does  not  impede  the  folution  of  the  antimony  which  ie  fir  ft 
attacked  by  them.  All  this  increafed  activity  of  the  marine  acid 
arifes  from  the  lofs  of  fome  phlogifton,  of  which  it  had  been  robbed 
by  the  manganefe.  The  folution  formed  in  this  way  is  equally  per- 
fect with  any  other,  and  funnihes  a  precipitate  of  equal  quality. 
This  procefs  is  vaftly  fimpler  than  the  common  one,  and  at  the  fame 
time  lefa  expenfive.  Tartar  emetic,  prepared  from  this  precipitate, 
is  at  prefent  preferred  above  every  other  kind  ;  at  the  fame  time  it 
may  be  queftioned,  how  far  it  is  practicable  to  make  tartar  emetic 
of  uniform  ftrength,  by  ufing  glafs  of  antimony,  made  according 
to  M.  Bergman's  directions.  In  the  ordinary  procefs,  the  degree 
of  calcination  which  the  metal  fuffers  before  fufion  is  not  determined 
with  fuffioient  accuracy.  Therefore  M.  Bergman  propofes  to  fub- 
ftitute  diaphoretic  antimony,  which  is  a  perfect  calx,  with  the  ad- 
dition of  as  much  phlogifton  as  is  requifite  to  vitrefy  the  mixture 
into  a  perfect  glafs.  By  this  method  a  glafs  may  be  made 
which  (hall  be  almoft  conftantly  the  fame.  Some  fulphur  ne- 
cefiarily  enters  into  the  compofition  of  the  glafs  ;  without  it  no  de- 
gree of  calcination  will  produce  any  thing  but  an  opaque  while  ena- 
mel. This  is  known  by  mixing  regulus  of  antimony  and  diapho- 
retic antimony  in  various  proportions,  and  exoofing  the  mixture  to 
a  melting  heat,  when  we  find  the  fides  of  the  crucible  covered  with 
a  whitilh  glafs,  which  does  not  bear  the  fmaUeH  refcmblance  to  true 
glafs  of  antimony.  Whether  the  powder  of  algaroth  or  gdais  o'  an- 
timony be  employed,  we  digift  it  in  a  Itfluie.u  quantity  ejf  water 
along  with  the  cream  of  tartar  till  the  whole  ia  diifolved,  and  after- 
wards we  evaporate  the  folution.  There  is  fome  attention  reqmfite 
in  collecting  the  cryftals,  as  fome  of  them  fhoot  which  contain  no 
metal.  After  they  are  formed,  they  undergo  a  little  change  of  cs- 
'  tour  from  the  diffipation  of  fome  phlogifton. 
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charry ;  it  is  efflorefcent,  and  becomes  of  a  dirty  and 
farinaceous  white:  it  diffblves  in  fixty  parts  of  c61d 
water,  and  in  much  lefs  of  boiling  water:  it  cryflallifes 
by  cooling :  the  alkalis  and  lime  decompofe  it ;  calca- 
reous earth  and  pure  water  in  a  great  dofe  are  capable 
of  decompofing  it :  whence  it  follows,  that  it  mould  be 
adminiitered  only  in  diltilled  water.  Liver  of  fulphur 
precipitates  it  in  a  red  powder  or  kind  of  fulphur  au- 
ratum,  and  may  be  ufed  as  a  teft  to  difcover  this  fait  in 
any  water.  Iron  feizes  upon  its  tartarous  acid,  and  fe- 
parates  the  calx  of  antimony:  on  this  account  emetic 
tartar  mould  not  be  made  in  iron  veffels.  M.  Durande, 
a  celebrated  phyfician  of  Dijon,  propofed  making  this 
medicine  publicly,  and  by  a  uniform  procefs,  as  is  ufually 
done  to  the  theriaca.  •  We  are  of  opinion,  that  it  would 
be  very  ufeful  only  in  procuring  a  uniform  tartar  eme- 
tic, upon  whofe  effects  the  phyfician  might  always  de- 
pend. 

The  tartarous  acid  may  be  combined  with  mercury 
in  two  ways.  One  which  M.  Monnet  mentioned,  con- 
fifts  in  diffolving  in  boiling  water  fix  parts  of  cream  of 
tartar  with  one  part  of  mercury,  precipitated  from  the 
nitrous  acid  by  fixed  alkali.  This  liquor,  filtrated  and 
evaporated,  yielded  him  cryftals  decompofable  by  pure 
water.  The  fecond  means  of  uniting  mercury  with  tar- 
tarous acid,  is  to  pour  the  nitrous  folution  of  this  metal 
into  one  of  vegetable  fait,  or  fait  de  Seignette :  a  pre- 
cipitate is  obtained,  formed  by  the  union  of  the  tarta- 
rous acid  and  mercury,  and  ordinary  or  rhomboidal 
nitre  remains  in  folution.  » 

Cream  of  tartar  ads  in  a  fenfible  manner  upon  the 
calces  of  lead.  M.  Rouelle  junior  fays,  that  the  fatur- 
nine  fait  which  is  formed  inthis  operation  does  not  remain 
in  folution  in  the  liquor ;  and  that  this  laft,  when  eva- 
porated, furnifhes  only  fome  pure  vegetable  fait,  which 
was  ready  formed  in  the  cream  of  tartar.  This  is  one 
of  the  proceffes  which  was  ufed  to  demonftrate  the  pre- 
fence  of  fixed  alkali  in  the  tartar. 
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Copper  and  its  calces  are  very  eafily  attacked  by  the 
tartarous  acid  ;  a  fait  of  a  beautiful  green  refults  fuicep- 
tible  of  cryftallifation,  but  as  yet  not  fully  exami- 
ned. 

Iron  is  one  of  the  metals  upon  which  cream  of  tartar 
a£ls  moft  efficacioufly.  A  medicine  is  prepared,  called 
tartarus  cbalybeatus,  by  boiling  in  twelve  pounds  of  wa- 
ter four  ounces  of  porphyrifed  iron-filings  and  a  pound 
of  white  tartar.  When  the  tartar  is  diifolved,  the  li- 
quor is  filtrated,  it  depofites  cryftals :  more  are  obtain- 
ed by  the  evaporation  of  the  mother-water.  The  tinc- 
tura  martis  tartarifata  is  prepared  by  making  a  pafte 
with  fix  ounces  of  iron-filings,  a  pound  of  white  tartar 
in  powder,  and  fufficiency  of  water:  the  mixture  is  left 
in  repofe  for  twenty-four  hours ;  then  it  is  diluted  with 
twelve  pounds  of  water,  and  the  whole  boiled  for  two 
hours,  taking  care  to  add  water  to  replace  the  evapo- 
rated part:  the  liquor  is  decanted,  filtrated,  and  infpif- 
fated  to  the  confidence  of  fyrup,  and  an  ounce  of  fpi- 
rit  of  wine  added  to  it.  M.  Rouelle  fays,  that  the  ve- 
getable fixed  alkali  is  free  in  this  tincture ;  and  that  in 
treating  it  by  the  acids  neutral  falts  are  obtained,  which 
mow  the  prefence  of  this  alkali.  There  are  ftill  two 
medicines  formed  by  the  combination  of  the  tartarous 
acid  and  iron ;  the  one  is  the  martial  foluble  tartar, 
which  is  a  mixture  of  one  pound  of  tartarifed  tintture 
of  mars  and  four  ounces  of  vegetable  fait  evaporated 
to  drynefs ;  the  other  is  known  by  the  name  of  martial 
balls.  They  are  made  by  putting  one  part  of  fteel- 
filings  and  two  parts  of  powdered  white  tartar  into  a 
glafs  veffel,  with  a  certain  quantity  of  aquavitae.  When 
this  liquor  is  evaporated,  the  mafs  is  pulverifed,  and 
fome  more  aquavitse  added,  which  is  again  allowed  to 
evaporate  like  the  firft.  This  procefs  is  repeated  till 
the  mixture  be  thick  and  tenacious  5  then  it  is  formed 
into  balls. 

Crude  tartar  is  very  ufefui  in  dyeing ;  it  is  ufed  alfo 
by  the  hatters. 

The 
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The  different  preparations  of  cream  of  tartar  juft 
now  enumerated,  are  employed  moitly  in  medicine. 
Pure  cream  of  tartar  is  confidered  as  a  refrigerant  and 
antifeptic  :  in  the  dole  of  half  an  ounce  or  an  ounce,  it 
is  a  gentle,  not  naufeating,  laxative.  The  vegetable 
fait  and  that  of  Seignette  are  in  frequent  ufe,  as  afiiitant 
purges,  in  the  dofe  of  a  few  gros.  Stibiated  tarter  is 
one  of  the  moft  ufeful  and  powerful  remedies  for  which 
medicine  is  indebted  to  chemiftry.  This  fait  is  emetic, 
purgative,  diuretic,  diaphoretic,  according  to  the  doles 
anaprocefles  employed  for  its  adminiltration.  Many  a 
time  it  produces  all  thefe  effecls  at  once.  It  mould  be 
regarded  alfo  as  a  powerful  alterative,  and  a  proper  re- 
medy in  overcoming  constipations  and  obftruclions  of 
the  vifcera,  when  it  is  given  in  very  fmall  quantity  fre- 
quently repeated.  It  is  adminiftered  in  the  dofe  of  a 
grain  to  four  grains,  diffolved  in  a  proper  vehicle,  as 
an  emetic.  It  is  mixed  in  the  dofe  of  a  grain  with 
other  purgatives,  which  it  affifts ;  and  in  that  of  half  a 
grain,  largely  diluted,  as  a  good  alterative.  M.de 
Laffone  found,  that  tartar  emetic  is  rendered  very  fo- 
luble  in  water  by  the  addition  of  fal  ammoniac,  and 
that  a  mixt  fait  refults  refembling  fal  alembroth. 

This  new  compound  mould  be  reckoned  capable  of 
producing  very  powerful  effecls  upon  the  animal  ceco- 
nomy.  Tartarus  chalybeatus,  martial  foluble  tartar, 
tartarifed  tincture  of  Mars,  are  employed  as  tonic  and 
aperient. 


LECTURE  LVI. 

Of  the  Acid  Fermentation  and  c/Vinegar. 

MANY  vegetable  fubftances  are  fufceptible  of  un- 
dergoing the  acid  fermentation:  fuch  are,  the 
gums,,  the.  amylaceous  feculee,  diffolved  in  boiling  wa- 
ter :  but  this  property  is  very  remarkable,  in  particu- 
lar in  the  fermented  and  fpirituous  liquors.    All  thefe 
•  2  liquors 
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liquors  expofed  to  hear,  and  in  contact  with  the  air, 
pafs  to  the  acid  fermentation,  and  yield  flic-  fluid  called 
vinegar.  It  is  elpecially  the  wine  or  grapes  which  is 
employed  tor  its  preparation,  aithou  «h  very  good  vine- 
gar may  be.  made  from  cyder,  perry,  &c.  . 

There  are  three  conditions  requlfite  in  the  acetous 
fermentation :  i .  A  hear  of  twenty  or  twenty  five  degrees 
of  Reaumur's  thermometer  :  2.  Avifcous  and  at  the  fane 
time  acid  body,  fuch  as  a  mucilage  and  tartar:  3.  I  he 
contadt  of  air.  The  change  of  wines  which  pafs  to  the 
ftate  of  vinegar,  is  to  be  afenbed  only  to  the  inteftine 
motion  excited  in  thef  ~  fluids  by  the  prefence  of  a  cer- 
tain quantity  of  a  mucous  body  not  altered,  and  capable 
of  undergoing  a  new  fermentation.  The  prefence  of 
an  acid  matter,  fuch  as  tartar,  is  neceiTary  to  deter- 
mine the  acid  fermentation.  Laltly,  the  contact  of  the 
air  is  indefpenfable ;  and  it  appeals  that  there  is  a  por- 
tion of  it  abforbed  during  this  fermentation,  as  M. 
l'Abbe  Rozier  has  proved. 

All  wines  are  equally  proper  to  form  vinegar.  The 
worft  of  them  are  preferred,  becaufe  they  are  cheaper; 
but  the  experiments  of  Beccher  and  Cartheufer  demon- 
ftrate,  that  the  generous  wines,  and  thole  abounding 
in  ardent  fpirit,  yield  in  general  the  bed  vinegars. 

Boerhaave,  in  his  Elements  of  Chemiltry,  has  de- 
fcribed  a  very  good  procefs  for  the  formation  of  vine- 
gar. Two  barrels  are  taken,  and  a  hurdle  of  twigs 
placed  at  fome  diftance  from  their  bottom,  upon  which 
are  extended  vine  branches  and  ltalks ;  fome  wine  is 
poured  upon  them,  fo  that  one  of  the  barrels  is  full 
and  the  other  half  empty.  The  fermentation  com- 
mences in  this  laft :  when  it  is  fet  agoing,  this  barrel 
is  filled  with  the  wine  contained  in  the  tint.  By  this 
means  the  fermentation  (tops  thort  in  the  full  veiTel,and 
is  well  forwarded  in  that  which  is  half  empty.  When 
it  has  advanced  to  a  confiderable  degree,  this  lalt 
barrel  is  filled  with  the  liquor  of  that  which  fermented 
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the  firfl  time ;  fo  that  the  fermentation  recommences 
in  the  fir  ft  and  (lops  fhort  in  the  lecond.    Thus  the  two- 
barrels  are  alternately  filled  and  emptied  till  the  vinegar 
be  entirely  formed  ;  which  happens  generally  in  twelve 
or  fifteen  days. 

Upon  obferving  what  paries  in  this  fermentation, 
much  bubbling  and  hiding  is  perceived;  the  liquor  is 
heated  and  troubled;  it  exhibits  a  great  number  of  fi- 
laments, which  run  through  it  from  all  fides ;  it  emits 
a  very  acid  fmell,  not  at  all  dangerous;  it  abforbs  a 
great  quantity  of  air :  the  fermentation  mud  be  flopped 
twelve  of  the  twenty-four  hours.     Thefe  phenomena 
gradually  abate,  the  heat  dimini  fries,  the  motion  flops, 
the  liquor  becomes  clear;  it  lets  fall  a  fediment  in  red- 
dim  flitny.flocci,.  which  flick  to  the  fides  of  the  barrels. 
Numerous  experiments  have  taught  us,  that  the  fmaller 
the  quantity  of  wine  the  fuller  is  the  contact  of  air,  and 
the  more  quickly  it  paffes  to  the  flate  of  vinegar.  Care 
is  taken  to  draw  off  the  vinegar  clear  when  it  is  made, 
in-order  to  feparate  it  from  above  its  lee;  which  with- 
out this  precaution  would  make  it  pafs  to  the  putrid- 
fermentation.    Vinegar  does  not  depofite  tartar  as  wine' 
does.    This  fait  is  difTolved  and  combined  with  the 
ardent  fpirit  and  water  during  the  fermentation  ;  it  is 
even  probable  that  it  is  the  prefence  of  this  fait  which 
contributes  to  the  tafte  and  the  other  acid  properties  of 
vinegar.    This  fluid  has  more  or  lefs  colour,  according 
to  the  wine  employed  in  its  preparation  :  but  in  gene- 
ral, the  lead  coloured  vinegars  are  much  more  fo  than 
the  white  ones  ;  becaufe  they  hold  dhTolved  the  colour- 
ing matter  of  the  tartar,  which  has  been  alfo  evolved 
in  the  fermentation  *. 

Vina- 

*  When  the  acetous  fermentation  is  completely  finiflied,  and  all 
the  wine  converted  into  vinegar,  we  are  no  longer  able  to  difcover 
any  vcftige  of  the  ardent  fpirit  which  the  wine  contained,  or  to  ex« 
trad  a  fingle  drop  of  it  from  old  vinegar  by  diftillation  ;  the :  10- 
flamraabilityj  along  wilh  all  the  other  properties  of  the  fpi"t  of 
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Vinegar  prepared  as  juft  now  defcribed,  is  very  fluid, 
of  an  acid  and  fpirituous  odour,  of  a  more  or  lcfs 
ftrong  bitter  talte  :  it  reddens  the  blue  colours  of  vege- 
tables. Expofed  to  a  gentle  heat  in  veffels  flightly 
fhut,  it  is  altered,  lofes  its  fpirituous  part,  depofites  a 
great  quantity  of  mucous  tufts  and  filaments,  and  af- 
fumes  a  putrid  fmell  and  tafte.  It  appears  to  be  a  com- 
pound of  water,  ardent  fpirit,  aparticular  acid,  a  little  tar- 
tar, and  a  colouring  extractive  matter.    Thefe  matters 
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wine,  being  totally  loft  or  deftroyed  by  the  progrefs  of  the  fermen" 
tation,  and  never  to  be  recovered  again  by  the  employment  of  any 
procefs  with  which  we  are  acquainted  :  But  the  vinegar  cannot  be 
reftored  to  the  ftate  of  wine  ;  it  has  a  natural  tendency  to  proceed 
towards  the  putrefactive  fermentation,  and  to  lofe  all  its  diflii'gui fil- 
ing qualities,  and  to  be  no  longer  acid.  This  difpofition  to  change 
proves  frequently  troublefome  to  vinegar-brewers.  The  progrt-fs  of 
the  fermentation  may  however  be  flopped  by  quenching  a  red  hot 
iron  in  the  liquor;  and  the  acidity  may  be  again  imparted  by  the 
addition  of  fome  fpirit  of  wine.    So  i hat  the  Itrength  of  the  vine- 
gar feems  in  fome  meafure  to  depend  upon  the  quantity  of  ardent 
fpirit  which  the  wine  contains.    In  .confirmation  of  this,  M.  Car- 
theufer  obferves,   that  vinegar  becomes  ftronger  when  fome  fpi- 
rit is  put  into  the  fermenting  mixtu/t  :   and  Bccchcr  remarks, 
that  by  corking  up  a  bottle  clofc,   and  ufing  a  greater  degree  of 
heat,  he  produced  a  flronger  and  bet'er  vinegar  than  what  is  to  be 
made  in  the  common  way.    But  the  ftrongeft  of  all  vinegars  is  pro- 
cured by  decom poling  fome  neutral  fait  by  means  of  hear,  as  Mr  Four- 
croy  has  explained.    There  is,  however,  another  method  of  concen- 
tration practifed  in  convenient  iituations.  This  method  is  to  cxjx>fe 
the  acid  to  a  cold  mixture,  when  the  aqueous  part  congeals,  and 
leaves  the  acid  (lill  fluid.    By  txpofing  this  concentrated  acid  to  a 
ftill  greater  degree  of  cold,  fome  more  of  the  vJatrr  is  feparated  ; 
and  by  repeating  this  mode  of  procedure  ndficently  often,  the  vi- 
negar may  at  laft  be  brought  to  about  feven  times  its  original 
ftrength,  according  to  the  experiments  of  M.  Geoffroy.  Vinegar 
in  this  Hate  is  perhaps  in  fome  reflects  nearly  as  ftrong  as  fome  of 
the  weaker  mineral  acids,   efpecially  the  marine.     But  however 
much  concentrated,  it  differs  from  all  of  them  in  the  extreme  de- 
gree of  volatility  ;  for  in  place  of  attracting  humidity  from  the  air, 
it  flies  off  by  expofure,  and  is  entirely  diffipated:  and  when  muted 
to  a  metallic,  earthy,  or  faline  bafis,  the  fait  may  be  decompoltd, 
and  the  vinegar  expelled,  by  means  of  heat  alone;  which  is  pot  the 
cafe  with  neutral  falls  formed  by  the  mineral  acids.- 
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mnv  be  feparared  by  the  action  of  the  fire,  as  wine  i 

done. 

In  difliHir.gr  vinegar  in  a  naked  fire  in  a  cucurbit  o 
free-ltone  covered  with  a  head,  or  in  a  glafs  retort  pla 
crd  upon  a  fan  d- bath,  at  firft  a  phlegm  of  a  brifk  agree- 
able odour  pafTes  over,  but  very  (lightly  acid;  to  it 
very  foon  a  very  white  acid  liquor  fucceeds,  having  a 
fragrant  fmell.     I  his  isdillilled  vinegar;  what  diftils 
after  that  has  lefs  fmell  and  more  acidity  r  it  becomes 
the  more  acid  as  the  diftiilation  a  'vances.    All  thefe 
produces  may  be  feparared,  and  diddled  vinegars  ob- 
tained, diiTering  from  one  another  in  acidity  and  fmell.. 
About  two  thirds -of  liquor,  which  conititutes  the  pu- 
reffc  vinegar,  are  fufficient  to  be  drawn  over  in  this  pro- 
cefs.    The  portion  which  comes  ovenafter  that,  is  more 
acid,  but  has  an  empyreumatic  fmell,  which  maybe 
diffipated  by  expofition  to  the  air  :  it  affumes  alfo  a . 
fmall  colour.    This  operation  fhows,  that  the  acetous 
acid  is  heavier  than  water  ;  the  remaining  vinegar  is 
thick,  of  a  deep  and  dirty  red  colour  :  it  depofites  a- 
certain  quantity  of  tartar ;  it  is  confiderably  acid.    If  it 
is  evaporated  in  an  open  fire,  it  affumes  the  form  of  an1 
cxtracl: :  and  if,  when  it  is  dry,  it  is  diflilled  in  a 
retort,  it  affords  a  reddifh  acid  phlegm;  an  oil,  at 
firft  light  and  coloured,  and  after  that  weighty;  and  a 
little  volatile  alkali  :  the  coal  which  is  left  contains- 
much  fixed  alkali. 

Vinegar  may  be  concentrated  by  expofition  to  a  con- 
gealing heat.  It  is  then  obferved  to  be  very  acid,  anct 
copious  in  colour,  but  very  enfily  altered. 

The  acid  of  vinegar,  feparated  from  tartar  and  from- 
its  colouring  part  by  diflillation,  is  fufceptible  of  uni- 
ting with  a  great  number  of  bodies. 

It  combines  but  imperfectly  with  argillaceous  earthy 
and  forms  with  it  fmall  needled  cryftals. 

It  unites  eafily  with  magnefia,  and  yields  a  fait  very 
foluble  in  water,  uncryflallifable,  but  which  furnifhes 
IW  evaporation  a  yifcous  deliquefcent  mafs.  This 
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-fall  is  decompofed  by  heat  and  the  mineral  acids:  it  is 
very  foluble  in  fpirit  of  wine. 

The  acid  ot  vinegar  combines  with  lime,  and  ir  de- 
•compofes  chalk,  diflipating  its  acid.  This  fSlt  which 
it  forms  with  lime,  is  fufceptible  of  cryflalliiing  into 
very  fine  needled  priims  like  fatin.  Calcareous  ace- 
tous fait  is  bitrer,  four,  eitlorefcent,  and  decompofable 
by  fire  and  the  alkalis. 

The  combination  of  vinegar  with  the  vegetable  alkali 
is  called  terra  foliata  tartari.  It  is  made  by  .  pouring 
upon  white  fait  of  tartar  very  pure  dittilled  vinegar ; 
the  mixture  is  agitated,  and  vinegar  added,  to  the  point 
of  faturation  and  folution  of  the  fait;  even  an  excefs 
of  acid  Ihould  be  added:  the  liquor  is  filtrated,  and  eva- 
porated with  a  very  gentle  fire  in  a  poralain  or  pure 
Silver  veffel ;  when  it  becomes  thick,  the  evaporation 
is  continued  in  a  fand-bath  till  the  fait  be  very  dry. 
By  this  means  a  very  white  terra  foiiata  is  obtained. 
If  it  is  too  much  heated,  it  acquires  a  grey  or  brown 
•colour,  becaufe  a  portion  of  the  vinegar  is  burnt. 
Some  chetnitfs  fay,  that  this  fait  may  be  obtained  in  a 
regular  form,  by  leaving  the  folution  to  cool  when  eva- 
porated to  a  thick  pellicle.  The  terra  foliata  tartari  has 
a  pungent,  acid,  and  urinous  talle.  h  is  decompofable 
by  the  action  ot  the  fire,  and  yields  in  a  retort  an  acid 
phlegm,  an  empyreumatic  oil,  fome  volatile  alkali,  and 
a  great  quantity  of  a  fragrant  gas,  formed  of  aerial  acid, 
and  inflammable  gas.  The  remaining  coal  contains 
much  uncombined  fixed  alkali.  This  fait  ftrongly  at- 
tracts the  air's  humidity  ;  it  is  very  foluble  in  water. 
Vitriolic  acid  decompofes  it.  This  decompofition  is 
effected  by  pouring  upon  two  parts  of  terra  foliata,  in- 
troduced into  a  tubulated  glafs  retort,  to  which  a  reci- 
pient is  adapted,  one. part  of  oil  of  vitriol:  a  vapoury- 
fluid  is  inltantly  difengaged  with  a  brifk  eHervefcence, 
"fa  penetrating  fmell,  which  condenfes  in  the  receiver 
in  town  ot  a  liquor  called  radical  vinegar.  This  vin.  - 
{gar  is  very  concentrated,  ot  a  very  ftrong  acidity  j  but 
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it  is  not  pure,  and  is  always  mixed  with  a  certain  quan- 
tity of  fulphureons  acid,  diftinguifhable  by  its  fmell. 
Cream  of  lartar  likcwifc  decompofes  it,  and  forms  with 
its  bafe  vegetable  fait. 

Vinegar  unites  .perfectly  wirh  marine  alkali,  and 
forms  with  it  a  fait  called  acetous  mineral  fait.  This  fait 
difTWs  from  terra  foliata  only  in  being  more  fufceptible 
of  cryflallifing  in  filiated  priftns,  very  fnnilar  to  Glau- 
ber's fait,  and  in  being  not  deliquefcent. 

In  order  to  obtain  it  well  cryitallifed,  its  folution 
muft  be  evaporated  till  a  pellicle  appear  on  the  lurface, 
and  then  fet  in  a  cool  place.  The  acetous  mineral  fait 
is  decompofable  by  the  fire  and  the  mineral  acids,  like 
the  terra  foliata.  To  thefe  details  we  (hall  add,  that 
when  a  ftrong  fire  is  added  in  diflilling  the  acetous 
calcareous  and  alkaline  falts,  the  refidua  of  thefe  falts 
are  fo  many  pyrophori,  and  burn  when  expofed  to  the 
air.  M.  Prouft,  to  whom  thefe  difcoveries  are  owing, 
is  of  opinion,  that  to  produce  a  pyrophorus,  only  a 
charry  refiduum  is  required,  divided  by  an  earth  or  a 
metallic  calx. 

Acio  of  vinegar  forms  with  volatile  alkali  a  fait  called 
fpirit  of  M'/idtrerus.  This  fait  cannot  be  evaporated 
without  lofing  the  greateft  part  of  it  on  account  of  its 
vola'iliry ;  however,  by  a  long  evaporation,  needled 
cryftals  are  obtained,  whofe  tafte  is  hot  and  pungent, 
and  which  attract  very  readily  the  air's  humidity.  This 
acetous  ammoniacal  fait  is  decompofed  by  the  action  of 
heat,  by  lime  and  the  alkalis,  which  difengage  its  vola- 
tile alkali  j  and  by  the  mineral  acids,  which  diflodge 
its  acid. 

Vinegar  acts  upon  almofi:  all  the  metallic  fubftances ; 
and  in  thefe  combinations  prefents  very  important  phe- 
nomena. 

It  does  not  feem  to  diflblve  immediately  calx  of  ar- 
fenic  :  but  this  fubftance,  diftilled  with  equal  parts  of 
terra  foliata,  yielded  to  M.  Cadet  and  MciTieurs  the 
Dijon  Academicians  a  red  fuming  liquor,  of  a  very 

{link- 


s' 


CHEMISTRY. 


linking  fmell,  very  tenacious,  and  of  a  very  fmgular 
nature.  M.  Cadet  has  already  obferved,  Acad,  des 
Sciences ,  Savans  Etrangers,  tm.  2.  p.  633.  that  this  li- 
quor was  capable  of,  kindling  fat  lute.  Meflieurs  the 
Dijon  Academicians,  defirous  to  examine  a  yellowifh 
matter  of  an  oily  confidence  collected  at  'he  bottom  of 
the  veflel,  which  contained  the  arfenico-acetous  fuming 
liquor,  decanted  a  portion  of  this  fupernatant  liquor, 
and  poured-the  reft  upon  filtrating  paper.  Scarce  had 
a  few  drops  pafled  through  when  a  very  difagreeable 
fmoke  inftantly  arofe,  which  formed  a  column  from  the 
veflel  to  the  ceiling ;  a  kind  of  boiling  was  excited  at 
on  the  fides  of  the  matter,  and  a  beautiful  rofy  flame 
ifTued  out,  which  continued  for  a  few  inftants. 
'  In  the  third  volume  of  the  Dijon  Elements  of  Che- 
miflry,  p.  41 — 47.  the  detail  may  be  feen  of  the  beau- 
tiful experiments  which  thefe  learned  academicians 
made  upon  the  fubjecl.  They  compare  this  liquor  to 
a  liquid  phofphorus :  we  think  it  is  a  kind  of  pyropho- 
rus,  like  thefe,  which  we  ihall  defcribe  more  fully  after- 
wards. The  refiduum  of  the  terra  foliata  with  the  calx 
c>f  arfenic,  is  in  great  meafure  vegetable  fixed  alkali. 

•Vinegar  diflblves  the  calx  of  cobalt,  and  forms  a  pale 
irofe-coloured  folution. 

It  has  no  action  upon  bifmuth  or  its  calx. 

It  directly  diflblves  nickel,  according  to  M.  Avid- 
fon.  This  folution  yields  green  cryftals  formed  in 
flices. 

This  acid  does  not  aft  upon  regulus  of  antimony.; 
but  it  feems  to  diflblve  the  glafs  of  this  Temi  metal,  as 
Angelus  Sala  prepared  an  emetic  fait  with  thefe  two 
fubftances. 

Zinc,  and  likewife  its  calx,  diflblves  very  well  in  di- 
ftilled  vinegar.  M.  Monnet  obtained  from  this  folution, 
when  evaporated,  flat  laminated  cryftaTs.  The  acetous 
fait  of  zinc  fulminates  upon  coals,  and  emits  a  fmall 
biueifh  flame.  To  diflillation  it  yields  an  inflammable 
dkjuor,  a  yellow  oily  fluid,  which  becomes  veryfoon 
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of  a  deep  green,  and  a  white  fublimate,  which  burns  in 
the  light  of  a  candle  with  a  beautiful  blue  flame.  The 
refiduum  is  in  the  (late  of  a  pyrophorus  which  is  not 
vt  ry  combuflihle. 

Aci"  of  viiKgar  does  not  diflblve  mercury  in  its  me- 
tallic (fate.  However,  this  combination  is  eiTcctcd  by 
minutely  dividing  the  metal  by  means  of  mills,  as  Key. 
for  did.  Calx  o!  meicury  calily  unites  with  vinegar. 
This  acid  is  boiled  upon  pi  ecipi.ate  per  fe,  upon  turbith, 
or  upon  the  mercury  precipirated  from  the  nitrous  fo- 
lution  by  the  fixed  a ! k a  1  i .  The  liquor  becomes  white, 
and  when  it  boils  clear  it  is  fill  rated  ;  it  precipitates 
bv  cooling  fpangled  argentine  cryl'lals,  refcmbling  feda- 
tive  fait.  This  fait  has  been  called  terra  foliata  mercu- 
ric/is. It  is  at  once  prepared  by  pouring  a  nitrous  fo- 
b-ion of  mercury  into  one  of  terra  foliata  tartari  :  the 
nitrgus  acid  unites  with  the  fixed  alkali  of  this  laft, 
with  union  it  forms  nitre,  which  remains  in  folution  in 
the  liquor  ;  and  the  calx  of  mercury  combined  with  the 
vinecar  is  precipitated  in  the  form  of  brilliant  fpangles  : 
the  mhc'  ure  is  filtrated,  the  terra  foliata  mercurialis  re- 
mains upon  the  fiitie.  This  fait  is  decompofed  by  the 
action  of  the  fire  :  its  refiduum  yields  a  kind  of  pyro- 
phorus.   It  is  eafily  altered  by  combultible  vapours. 

Tin  is  but  very  little  altered  by  vinegar.  This  acid 
dhTolvts  but  a  very  fmall  quantity  of  it  ;  and  the  folu- 
tion evaporated  yielded  M.  Monnet  ayellowifh  pellicle, 
refc.nbiing  gum,  and  of  a  fetid  odour. 

Lead  is  one  of  the  metals  upon  which  it  has  the  moft 
action,  i  bis  acid  diffolves  it  with  the  gr-ateft  iacilny. 
This  metal  in  iaminas,  expofed  to  the  action  of  hot 
vi':igar,  is  covered  with  a  white  powder  called  cerufs, 
which  is  only  a  c  lx  of  lead  This  calx  bruiftd  with  a 
third  of  chalk,  forms  the  white-lead  of  the  painters. 
In  order  to  faturate  vinegar  v\i;h  as  much  lead  as  it  can 
diilMvr,  this  acid  is  poured  upon  the  crrufs  in  a  ma- 
trafs  ;  'he  mixture  is  fet  to  digeit  in  a  fand-bath  ;  ihe 
Ijquor  is  filtrated  after  feveral  hours  digelfion  ;  it  is  eva- 
porated 
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porated  to  a  pellicle  ;  itfurniflies  by  cooling  and  rcpofe 
;  white  cryftals,  forming  either  mapeltfs  needles,  if  the 
•liquor  has  been  too  much  evaporated,  or  flattened  paral- 
:lelopipeds  terminated  by  two  furfaces,  difpofed  like  the 
<top  of  a  houle,  when  the  operation  has  been  properly 
?  conducted.  They  are  called  fait  or  fugar  of lead,  on  ac- 
i  count  of  its  faefcharine  taflc  ;  this  tafte  is  at  the  fame 
1  time  ftyptic.    A  fimilar  fait  is  prepared  with  litharge 
Sand  vinegar  c   equal  parts  of  thefe  two  fubftances  are 
1  boiled  together  till  they  be  faturated  ;  the  liquor  is  eva- 
iporated  to  the  connftence  of  a  clear  fyrup  :  in  this  ftate 
we  have  Goulard's  extract  of  lead,  known  long  before 
him  by  the  name  of  vinegar  of  lead.    Saccharum  faturni 
as  decompofed  by  heat ;  it  furnifhes  an  acid,  rcddifli, 
very  fetid  liquor,  very  different  from  radical  vinegar. 
iThe  refiduum  is  a  very  fine  pyrophorus.    This  fait  is 
:  decompofed  by  diftilled  water,  lime,  alkalis,  and  mine- 
ral acids.    The  extract  of  lead,  diluted  with  water  and 
;  mixed  with  a  little  aquavits,  forms  Goulard's  vegeto- 
i  mineral  water. 

Vinegar  diffolves  iron  with  activity.  The  effervefcencc 
j  which  happens  in  this  folution  is  owing  to  the  difengage- 
'  ment  of  an  inflammable  gas,  whofe  properties  have  not 
j  been  examined.  The  liquor  affumes  a  red  or  brown  co- 
t  lour.  By  evaporation  it  yields  only  a  gelatinous  magma, 
:  mixed  with  a  few  brown  elongated  cryftals.  This 
:  martial  acetous  fait  has  a  ftyptic  fweetifh  tafte  ;  it  is  de- 
compofed by  the  fire,  and  lets  go  its  acid  ;  it  attracts  the 
air's  humidity  ;  it  is  decompofed  in  diftilled  water.  If 
lit  is  heated  till  it  emit  no  more  fmell  of  vinegar ;  it 
leaves  a  yellowiih  calx  attracYible  by  the  magnet. 

The  acetous  folution  of  iron  yields  a  very  black  ink 
with  the  gall-nut  ;  and  it  might  be  employed  with  fuc- 
cefs  in  the  tincture.  The  Pruffian  alkali  precipitates 
1  from  it  a  very  pretty  Pruffian  blue.  Martial  asthiops, 
:  the  precipitates  of  iron,  the  croci  of  Martis,  the  fparry 
;  ore  of  iron,  yield  with  vinegar  folutions  of  a  very  beau- 
t  tiful  red. 

Cop- 


554 


LECTURES  ON 


Copper  dhTolves  with  great  facility  in  diftillf  d  vine- 
gar. This  folution,  aided  by  heat,  gradually  aflumes  a 
green  colour ;  but  it  is  more  eafily  effected  with  this 
metal  already  altered  and  calcined  by  vinegar.  Copper 
thus  prepared  is  verdegris.  It  is  prepared  about  Mont- 
pelier,  by  putting  laminae  of  this  metal  into  earthen  vef- 
fels  with  grape  (talks,  which  have  been  firfl:  moiftened 
and  fermented.  The  furiace  of  thefe  laminae  is  very 
foon  covered  with  a  green  ruft,  which  is  alfo  augment- 
ed by  heaping  them  together ;  then  the  copper  is  fcra- 
ped,  and  the  verdigris  fhut  up  in  leather  lacks  and  fent 
to  market.  M  Monnct,  an  apothecary  at  Montpelier, 
has  fully  defcribed  this  manipulation  in  two  papers 
printed  among  thofe  of  the  Academy  of  Sciences  (750-5. 
Verdegris  diffolves  with  readinefs  in  vinegar.  This  fo- 
lution, which  is  of  a  beautiful  green  colour,  furnifhes 
■  by  evaporation  and  cooling  green  cryflals  in  quadran- 
gular truncated  pyramids,  which  he  calls  verdigis,  or 
cryflals  of  Venus. 

Thofe  which  are  prepared  in  commerce,  and  called 
dijlilled  verdigris,  becaufe  they  are  prepared  with  diflil- 
kd  vinegar,  are  in  the  form  of  a  beautiful  pyramid:  its 
cryflals  prefent  this  arrangement,  becaufe  they  are  de- 
pofited  upon  a  rod  clefr  into  four,  whofe  branches  have 
been  feparated  by  a  piece  of  cork. 

Verdigris  has  a  very  flrong  taflej  and  is  a  violent 
poifon.  It  is  decomposed  by  the  action  of  the  fire  ;  it 
is  efflorefcent,  and  is  covered  with  a  powder  whofe  green 
colour  is  much  more  pale  than  that  which  diflinguifhes 
this  fait  when  not  altered  :  it  dhTolves  completely  in  wa- 
ter without  being  decompofed.  Lime-water  and  the 
alkalis  precipitate  this  folution. 

When  this  fait,  in  powder,  is  diflilled  in  a  glafs  or 
earthen  retort  with  a  recipient,  a  fluid,  at  firfl  white  and 
a  little  acid,  is  obtained,  but  which  very  foon  acquires  a 
confiderable  acidity,  and  fuch  as  equals  the  concentra- 
tion of  the  mineral  acids.  The  retort  is  changed  to  have 
feparately  the  phlegm  and  the  acid.    This  is  called  ra- 
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{dica!  vinegar  or  vinegar  of  Venus.  This  acid  is  coloured 
k green  by  a  certain  quantity  of  calx  of  copper,  which 
scarries  over  in  the  diltillation.    When  no  more  pafies 
and  the  retort  is  red,  the  refiduum  which  it  contains  is 
j  in  the  form  of  a  brown  powder  of  the  colour  of  copper, 
which  frequently  communicates  the  brilliancy  of  this  me- 
ital  to  the  fides  of  the  retort.    This  refiduum  is  ftrongly 
rpyrophoric,  as  MefTrs  le  Due  d'Ayen  and  Prouft  have 
jobferved.    Vinegar  of  Venus  is  rectified  by  difliilling  it 
with  a  gentle  heat ;  then  it  is  perfectly  white,  provided 
the  fire  is  not  urged  too  far  towards  the  end  of  the 
[operation,  and  the  portion  of  calx  of  copper  remaining 
Jin  the  retort  not  too  much  dried. 

Radical  vinegar,  thus  rectified,  has  a  fmell  fo  pungent 
land  penetrating,  that  it  is  impoflible  to  endure  it  any 
time  :  its  caufticity  is  fo  great,  that  when  applied  to  the 
■kin  it  reddens  and  corrodes  it.  This  fluid  is  confidered  as 
the  moft  pure  acid  of  vinegar,  the  moft  concentrated  and 
jfree  of  the  phlegm  which  covered  its  properties.  This 
jacid  is  extremely  volatile  and  inflammable  ;  heated  with 
:he  contact  of  air  it  kindles  and  burns  fo  much  the  more 
rapidly  the  higher  the  ftate  of  rectification.    This  ex- 
iperiment  led  chemifts  to  believe  that  vinegar  is  an  acid 
icomhined  with  ardent  fpirit  j  perhaps  it  might  even  be 
confidered  as  a  kind  of  natural  ether.  This  idea  agrees 
Kvith  the  penetrating  and  agreeable  odour  which  the  firft 
diftilled  portions  of  this  acid  emit.    Radical  vinegar  eva- 
porates entirely  in  the  air  ;  it  unites  with  water,  and  pro- 
duces great  heat  ;  it  forms  with  the  earths,  alkalis,  and 
'metals,  the  fame  falts  with  ordinary  vinegar  ;  but  it  a£t« 
iupon  combuftible  bodies,  generally  much  more  remark- 
ably than  this  laft.     M.  le  Marquis  de  Courtanvaux, 
Acad  Savans  Etrangers,  vol.  5.  p.  72.  that  it  was  only 
:he  laft  portion  of  acetous  fluid,  obtained  in  the  diftil- 
.ation  of  verdigris,  which  was  inflammable  ;  and  that  it 
ipoflefled  alfo  the  property  of  Congealing  by  cold.  This 
.alt  portion,  rectified,  cryftallifed  in  the  recipient  in 
arge  laminae  and  needles  j  and  returns  to  its  fluid  ftate 
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only  when  expofcd  to  a  heat  of  thirteen  or  fourteen  de- 
grees above  the  freezing  point.  This  liquor  is  a  kind 
of  glacial  vinegar. 
<  The  acid  of  vinegar,  aided  by  heat,  difiblves  gold  pre- 
cipitated by  the  fixed  alkali.  This  folution  precipitated 
by  the  volatile  alkali  yields  fulminating  gold,  as  demon- 
ftra.td  by  M.  Bergman.  The  fame-  thing  happens  to 
platina  and  gold:  they  arr  both  dhTolved.  Radical  vi- 
negar has  no  action  upon  thefe  metals  in  a  metallic 
ftate,  bur  diffolves  them  in  the  (hue  of  a  calx. 

Vinegar  is  fufccptiblr  of  combining  with  feveral  of  the 
immediate  principles  of  vegetables  ;  it  diffolves  the  ex- 
tracts, mucilages,  and  effentia!  falts  ;  it  unites  with  the 
fpiritus  rector  ;  it  has  been  confiuercd  as  the  proper  fol- 
vent  of  gum  refins ;  it  has  through  length  of  time  or  by 
diftillation  alio  a  very  remarkable  action  upon  the  fat 
oils,  which  it  converts  into  a  kind  oi  foapy  (late:  the 
combination  of  vinegar  with  vegetable  fubitances  has 
not  yet  been  examinrd.  This  acid  is  made  ufe  of  to 
extract  fome  ol  the  principles,  and  particularly  the  odour 
of  thefe  bodies;  and  vinegars  of  different  natures  fimple- 
ci-  compound,  are  prepare  d  in  medicine.  Acetum  fcil- 
liticum,  colcliicum,  afford  an  example  of  the  firft  kind; 
theriacal  vinegar  belongs  to  the  (econd.  Thefe  medi- 
cines are  prepared  by  continued  maceration  and  di- 
geftion  for  feveral  days.  As  this  acid  is  volatile,  it  is 
diflilled  upon  aromatic  plants,  whofe  odorous  principle' 
it  attracts ;  fuch  is  the  di (tilled  vinegar  of  lavender, 
which  is  employed  for  the  toilette.  Thefe  liquors 
are  in  general  lefs  agreeable  than  the  fpirituous  di- 
ftilled  waters. 

.  Radical  vinegar  decompofes  fpirit  of  wine,  and  forms 
ether  with  as  much  facility  as  the  mineral  acids,  as  dif- 
covered  by  M.  le  Count  de  Lauraguais.  For  this  pur- 
pofe,  radical  vinegar  is  poured  into  a  retort  upon  an 
equal  part  of  fpirit  of  wine  ;  a  confidcrable  heat  is  pro- 
duced ;  the  retort  is  put  in  a  hot  fand-bath,  and  two  re- 
cipients are  adapted,  the  lalt  of  which  is  plunged  into 
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cold  water  or  pounded  ice  ;  the  mixture  is  made  to 
boil  quickly.  At  firft  a  dephlegmared  fpirit  of  wine 
paries  over,  then  the  ether,  and  at  lad  an  acid,  which 
turns  ftronger  as  the  diftillation  advances ;  a  brown  mafs 
refembling  a  refin  remains  in  the  retort.  Care  is  taken 
to  change  the  recipient  as  foon  as  the  etherial  fmell 
turns  acrid  and  pungent,  and  the  acid  is  collected  apart." 
The  ether  is  rr&ified  with  a  gentle  heat  with  cauftic 
fixed  alkali,  and  a  great  deal  of  it  is  loft  in  this  opera- 
tion. 

M.  de  la  Planche  an  apothecary,  prepared  this  ether 
by  pouring  upon  faccharum  faturni,  introduced  into  a 
>:  retort,  oil  of  vitriol  and  fpirit  of  wine.  The  theory  and 
s  practice  of  this  operation  correfpond  with  thofe  made 
i  ufe  of  in  preparing  the  marine,  nitrous,  and  vitriolic 
[  ethers. 

Acetous  ether  has  an  agreeable  fmell  like  the  other 
i  ethers  ;  but  it  is  always  mixed  with  that  of  vinegar,  al- 
:  though  it  is  not  acid.  It  is  very  volatile  and  inflam- 
I  mable  ;  it  burns  with  a  vivid  flame,  and  leaves  a  charry 
j  mark  after  its  combuftion. 

Vinegar  is  employed  as  a  feafoning  to  meat.  Much 
-  life  is  made  of  it  in  medicine ;  it  is  refrigerant  and  an- 
3  tifeptic  ;  with  fugar  a  fyrup  is  made  of  it,  which  is  gi- 
i  ven  with  great  fuccefs  in  ardent  and  putrid  fevers ;  ap- 
i  plied  externally  it  is  aftringent  and  refolvent.    All  its 
■<  combinations  are  ufed  likewife  as  very  (rood  medicines. 
Terra  foliata  tartari  and   acetous  marine  fait  are 
powerful  deobftruents  and  aperients :  they  are  admini- 
Itred  in  the  dofe  of  half  a  gros,  and  even  a  gros. 

Spirit  of  mindererus,  given  in  a  few  drops  in  conveni- 
ent vehicles,  is  aperient,  diuretic,  cordial,  antifcptic.  It 
does  fervice  frequently  in  leucophlegmalias  or  fwellings 
of  the  external  parts  of  the  body. 

The  terra  foliata  mercurialis  is  a  very  good  antivene- 
real:  it  made  the  bafe  of  Keyfer's  pills. 

The  extract  of  lead,  acetum  faturni,  aqua-vegeto-mi- 
*eralis,  are  employed  externally  as  difcutients :  thel'e 
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medicines  being  ftrong 'repellents  ought  to  be  be  admw 
niftred  with  great  prudence  ;  particularly  when  applied  j 
to  the  fkin  upon  uncovered  ulcerated  parts.  BoerhaaveJ 
met  with  feveral  girls  feized  with  phthifis  after  the  ex-  J 
ternal  ufe  of  the  preparations  of  lead. 

Cerufs  enters  the  compofition  of  drying  ointments  I 
and  platters,  and  verdigris  compofes  feveral  collyria  ] 
and  ointments. 

Radical  vinegar  is  employed  as  a  very  powerful  fti.l 
mulent  like  the  volatile  alkali.  It  does  fervice  in  cafes  f 
of  debility,  when  it  is  refpired.  To  have  it  in  a  com-*! 
modious  form,  a  certain  quantity  of  it  is  poured  upon  J 
grofsly  powdered  vitriolated  tartar,  which  is  put  into  a  j 
veffel  well  fhut.  This  medicine  is  every  where  known 
by  the  name  of  fal  acetl. 

Acetous  ether  has  not  yet  been  much  ufed";  and  it 
is  uncertain  if  it  has  any  other  virtues  which  the  other 
ethereal  liquors  do  not  poffefs. 

Of  the  Putrid  Fermentation  of  Vegetables. 

All  vegetable  bodies  which  have  undergone  the  fpi-  j 
rituous  and  acid  fermentations,  are  ftill  fufceptible  of  a  ! 
new  inteftine  motion,  which  alters  their  nature.  This 
motion  is  called  the  putrid  fermentation.     Stahl  and 
feveral  other  chemifts  have  fuppofed  that  this  fpecies  of  ] 
fermentation  is  only  a  continuation  of  the  two  former ; 
or  rather,  that  thefe  three  phenomena  depend  only  upon 
a  fingle  indvidual  motion,  which  tends  to  deftroy  the 
texture  of  the  folids  and  to  change  the  nature  of  the 
fluids :  and  indeed  it  is  obferved,  that  if  certain  vege- 
table fubftances  are  left  to  themfelves,  they  fufter  the 
three  fermentations  fucceffively  and  without  interrup- 
tion.   For  inftance,  all  the  faccharine  matters,  diluted 
with  a  large  quantity  of  water,  and  expofed  to  a  degree 
of  heat  from  twelve  to  twenty  degrees,  yield,  firit  wine, 
then  vinegar,  and  at  length  their  acid  character  is  very 
foon  loft ;  they  are  altered,  putrify,  lofe  all  their  volatile  I 
principles,  and  finifh  with  leaving  only  a  dry,  infipid, 
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«artfiy  fubftance.  However,  ir  muft  be  obferved,  rha 
a  great  number  of  vegetable  fubflances  do  not  undergo* 
at  leaft  in  afenfiblc  manner,  thefe  three  kinds  of  fermen- 
tations in  the  order  mentioned  The  taftelefs  mucila- 
ges, the  gums  diffolved  in  water,  pafs  to  the  acid  ftate 
without  becoming  manifeftly  fpirituous  :  the  glutinous 
matter  feems  to  pafs  directly  to  putrefaction  without  ha- 
ving been  acefcent.  It  Appears,  therefore,  that  though, 
in  feveral  principles  of  vegetables,  thefe  three  fermenta- 
tions follow  and  fucceed  each  other,  there  is,  however, 
a  great  number  of  others  which  are  fufceptible  of  under- 
going the  two  lad  and  not  the  firft,  or  even  the  putre- 
factive ftate,  without  having  manifested  any  figns  of  aci- 
dity. 

The  interline  motion,  which  changes  the  nature  of 
vegetable  fubftances,  and  reduces  them  into  their  ele- 

i  ments,  requires  particular  conditions,  which  it  is  ne- 
ceflary  to  know.  Humidity,  or  the  prefence  of  water, 
is  one  of  the  moft  neceifary :  the  dry  and  folid  vege- 

i  tables,  fuch  as  wood,  are  not  at  all  altered  as  long  as 
they  retain  this  ftate  j  but  if  they  are  moiftened,  and 
their  fibres  divided,  then  the  inreftine  motion  very  foon 
begins.  Water,  then,  appears  to  be  one  of  the  caufes 
of  putrefaction.  Heat  is  not  lefs  neceifary.  Cold,  or 
the  freezing  point,  not  only  oppofes  this  fpontaneous 
deftruftion,  but  it  even  retards  its  progrefs,  and  forces 
thefe  fubftances  which  have  been  influenced  by  it  to 
take  as  it  were  a  retrograde  motion.  The  degree  of 
heat  neceflary  to  putrefaction  is  much  lefs  than  that 
which  the  acid  and  fpirituous  fermentations  fupport,  as 
this  phenomenon  begins  at  the  temperature  of  five  de- 
grees ;  but  a  more  confidcrable  heat  is  better,  one  at 
leaft  fo  weak  as  not  to  diffip'ate  the  moilture  and  en- 
tirely dry  the  fubftance  which  is  pucrefying.  The  ac- 
cefs  of  air  is  alfo  a  condition  which  Angularly  favours 
putrefaction,  as  vegetable  fubftances  are  kept  very  well 
in  vacuo.  However,  this  prefervation  is  limited  j  and 
the  contact  of  air  does  not  feem  to  be  fo  indifpenfa.ble 
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to  the  putrid  fermentation  as  the  two  conditions  men; 
tioned  before. 

The  putrefaction  of  vegetables  has  its  particular  phe- 
nomena. Vegetable  fluids  which  are  putrefying,  are 
troubled,  lofe  their  colour,  depofite  different  fediments; 
air-bubbles  rife  to  their  furface,  and  mouldy  tufts  form 
in  its  beginning.  Vegetable  fubflances  fimply  moiften- 
ed,  and  thofe  which  are  foft,  exhibit  the  fame  pheno- 
mena. The  motion  which  is  here  exerted  is  never  fo 
confiderable  as  that  by  the  fpirituous  and  acid  fermen- 
tations.  The  volume  of  the  fubftance  which  is  putrefy- 
ing does  not  appear  to  be  augmented,  nor  its  heat  in- 
creafed  ;  but  the  mod  important  phenomenon  is  the 
change  of  fmell  and  the  volatilifation  of  an  acrid,  pun- 
gent, urinous  principle,  refembling  the  volatile  alkali, 
and  which  in  fact  is  it :  hence  putrefaction  has  been 
called  the  alkaline  fermentation,  and  the  volatile  alkali 
has  been  confidered  as  its  product.  The  pungent  odour 
gradually  exhales,  a  naufeous  infipid  odour  fucceeds, 
which  it  is  difficult  to  delcribe.  In  this  {fate  the  decom- 
pofition is  at  its  height ;  the  putrefied  vegetable  is  very 
foft,  like  thick  milk;  it  fuffers  a  great  number  of  fuc- 
ceffive  modifications  in  the  odorous  principle,  which  it 
exhales :  in  the  laft  place,  it  dries ;  its  difagreeable 
odour  gradually  diflipates,  and  it  leaves  only  a  blackifb, 
as  if  charry,  refiduum,  in  which  only  a  few  faline  and- 
earthy  fubftances  can  be  found. 

Such  is  the  order  of  the  phenomena  which  are  obfer- 
ved  in  the  fpontaneous  decompofition  of  vegetables 
which  are  putrefying  ;  but  this  decompofition,  puflied 
to  the  point  of  reducing  them  to  their  earthy  or  faline 
ftate,  is  very  tedious  in  its  performance ;  and  it  mould  be 
alfo  added,  that  it  has  not  been  properly  obferved  by  any 
perfon.  Naturalifts  and  chemids  have  been  reproached  j 
for  their  neglect  with  t  efpect  to  animal-fubftances ;  but 
they  are  more  defervedly  blamed  for  their  neglect  of  ve-  J 
getables.  No  intelligent  perfon  has  yet  undertaken  to 
©bferve  the  complete  putrefactio  of  thefe,  although 
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[.many  have  defcribed  the  phenomena  which  happen  in 
that  of  animal-matters.  Upon  this  account  we  think, 
ithat  the  hiflory  oi  the  fpontaneous  and  natural  analyfis 
of  vegetables  mould  now  be  concluded  ;  adding  only, 
1.  That  the  little  which  has  been  faid  is  fufficient  to 
(how,  that  vegetable  putrefaftion  attenuates,  volatilifes, 
;and  deftroys  all  the  humours  of  thefe  bodies,  and  redu- 
ces them  to  the  earthy  ftare.  2.  That  nothing  yet  is 
ipofitively  known  of  the  phenomena  and  limits  of  this 
kind  of  putrefaction,  properly  to  warrant  its  diftinc- 
tion  from  that  of  animal-matters.  "3.  As  this  fermen- 
tation is  much  more  remarkable,  and  has  been  more 
obferved  in  the  humours  and  folids  oranimals,  the  de- 
tails, which  we  (hall  add  at  greater  length  in  the  exa- 
mination of  thefe  fubftances,  mail  complete  the  {ketch 
which  we  have  juft  now  given,  and  fhall  terminate  the 
hiftory  of  the  facts  known  upon  putrefaction,  which  iH- 
terefts  efpecially  young  phyficians,  for  whom  this  part 
©f  our  wotk  is  particularly  defigned. 
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LECTURE  LVII. 

Natural  H/Jiory  of  Animals  *, 

A  Nimals  are  in  general  diftinguifhed  from  vege 
jt\.  tables  by  loco-mobility  and  more  perfect  organi- 
fation.  However,  there  are  fome  entire  claries  of  thefc 
fubftances  that  are  fixed- to  one  place  like  vegetables  ; 
as  the  lithophytes,  the  zoophytes,  known  by  the  name 
of  polypi,  which  are  born  and  die  upon  the  fame  foil : 
And  on  the  other  hand,  fome  vegetables  exert  as  much 
motion  in  their  leaves  and  flowers  as  certain  animals; 
for  inftance,  the  cruftaceous  worms.  Organifation  ap- 
pears even  lefs  perfect  in  the  polypi  than  in  the  mod: 
part  of  plants.  It  hence  follows,  that  it  is  very  difficult 
to  eftablim  an  exacl  line  of  feparation  between  thefe 
two  kingdoms;  and  naturalifts  have  been  neceflaiily 
obliged  to  confound  them  into  one,  known  by  the 
name  of  Organic  Kingdom. 

How- 

*  We  propofe  to  give  here  only  a  fummary  of  the  methods  of  th 
naturalitts,  to  facilitate  to  beginners  the  Itudy  of  natural  hiitory  an 
the  underltanding  of  good  authors.  As  to  the  general  confideration3 
about  the  nature  of  animals,  the  order  which  we  have  adopted  does 
not  permit  us  to  enter  into  details-upon  this  fubjeft,  efpecially  when 
trea'ted  in  fo  excellent  and  philofophical  a  manner  by  M.  le  Comtc 
dc  Buffon  and  M.Bonnct. 
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However,  upon  confidering  only  perfect  animals, 
{great  differences  are  found  between  thefe  fubllances 
jand  vegetables.  Numerous  and  very  diftinct  organs, 
jja  more  complicated  ftructure,  more  numerous  and  ex- 
jtenfive  functions,  are  the  characters  to  which  thefe  dif- 
ferences fliould  bedefcribed;  notwithstanding,  it  is  not 
Uhe  lefs  difficult  to  give  a  good  definition  of  thefe  fub- 
jltances. 

Confining  ourfelves  to  the  moll:  general  characters, 
t animals  may  be  defined  to  be  bodies  endued  with  un- 
fderltanding  and  motion,  faculties  neceffary  for  the  pre- 
servation of  their  life.  All  can  be  reproduced;  fome, 
Iby  the  union  of  the  two  fexes,  bring  forth  living  young 
|ones  ;  others  lay  eggs,  which  require  only  heat  to  bring 
jforth  the  young  ;  there  are  fome  which  are  multiplied 
{without  the  alii  (la  nee  of  their  mates ;  lallly,  feveral  are 
j reproduced  when  they  have  been  cut,  as  is  done  with  - 
the  roots  of  plants. 

It  is  very  difficult  for  naturalids  to  affign  to  animals 
jibe  true  character  of  their  kind.  The  mixture  of  races 
j produces  varieties  without  number:  tranfportation  in- 
jj  :o  different  climates  alfo  occafions  various  changes  in 
rform,  in  colours,  &c.  Thofe  only  whole  form  is  con- 
stant, and  which  are  perpetuated  by  the  reproduction 
lof  the  individuals,  (hould.  therefore  be  accounted  as  di- 

I 

(ftin£t  kinds.    "With  regard  to  the  alterations  produced 
by  the  growth  of  the  fpecies,  the  climate,  and  cohabi- 
itation,  they  ought  to  conftitute  only  varieties. 

The  number  of  animals  which  cover  the  furface  of 
lour  globe  being  very  considerable,  man  never  would 
lhave  arrived  at  diltinguifhing  and  recognifing  each 
iof  them,  had  not  nature  prefented,  in  the  divers- 
ified form  of  the  external  parts  of  their  bodies,  re- 
imarkable  differences,  by  means  of  which  it  was  eafy 
for  him  to  eftablifh  the  diltinctions.    Natural  (ts  have 
at  all  times  felt  the  utility  of  thefe  differences,  and 
have  made  ufe  of  them  with  advantage  in  dividing  ani- 
mals into  more  or  lefs  numerous  claffes,  and  forming 
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what  are  called  methods.    Although  it  be  demonftrated, 
that  thefe  kinds  of  clarifications  do  not  exift  in  nature, 
and  that  all  the  individuals  which  nature  produces  form 
an  uninterrupted  chain  without  divifion,  it  cannot,  ne- 
verthelefs,  be  denied,  that  they  aid  the  memory,  and 
are  very  proper  to  guide  our  ftudy  of  natural  hiftory. 
The  methods,  then,  ought  to  be  confidered  as  inftru- 
ments  appropriated  to  our  weaknefs,  which  may  be  em- 
ployed with  vaft  fuccel's  in  taking  a  fuperficial  view  of 
the  vaft  field  of  the  riches  of  nature.    Ariftotle  efta- 
blifhed  only  general  and  fimple  divifions ;  but  his  ex- 
cellent reflections  upon  the  external  and  internal  organs 
of  animals  have  formed  a  bale  upon  which  in  a  great 
meafure  have  been  founded  the  divifions  of  the  fir  ft 
methodical  naturalifts,  fuch   as  Gcfner,  Aldrovand, 
Johnfton.,  Charleton,  Ray,  &c.    A  great  number  of 
other  naturalifts  fucceeded  thefe,  who  have  completed 
the  methods,  and  who  have  added  to  the  knowledge  ac- 
quired in  this  department  of  fcience  ;  but  among  thefe 
laft,  thofe  whofe  works  it  is  neceflary  to  be  well  ac- 
quainted with,  and  from  whom  we  Jfhall  borrow  what 
we  are  to  fay  here,  are  MefTrs  Klein,  Linnaeus,  Briffon, 
GeofTroy,  &c. 

After  man,  whofe  organifation  and  understanding 
require  that  he  mould  be  fet  at  the  head  of  animal  bo- 
dies, and  which  makes  him  alone  one  clafs  apart,  all 
the  other  animals  may  be  divided  into  eight  clahes ; 
which  are,  the  quadrupeds,  the  cetaceous  animals, 
birds,  amphibious  animals,  fifties,  infects,  worms,  and 
polypi.  Perhaps  it  might  be  poflible  to  multiply  thefe 
clafles :  but  then,  by  augmenting  the  divifions,  the  dif- 
ficulties would  be  multiplied  ;  and  this  is  what  muft  be 
avoided  in  the  artificial  method,  whofe  fimplicity  and 
perfpicuity  conftitutes  its  only  merit. 

Clafs  I.    Quadrupeds.  Zoology. 
Quadrupeds  are  animals  which  have  four  feet, 
whofe  body  is  covered  for  the  mod  part  with  hair : 

they 
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'  they  refpire  by  means  of  lungs,  fimilar  to  thofe  of  man  ; 
they  have  a  heart,  with  two  ventricles  :  they  arc  vivi- 
parous. Thefe  animals  are  thofe  whofe  ftrufture  ap- 
proaches moft  to  man  :  there  are  fome,  as  the  ape  and 
forae  others,  which  Linnaeus  thought  migtn  be  con- 
founded even  in  the  fame  order  with  man.  This  natu- 
ralift  gives  the  name  of  ?nammalia  to  this  clafs  or  ani- 
mals, in  which  he  comprehends  the  cetacea ;  bccaufe 
all  thefe  have  dugs,  and  fuckle  their  young. 

Although  this  clafs  of  animals  feems  to  approach  to 
man,  they  are,  however;  very  different ;  but  it  is  requi- 
site to  unite  them  here.  The  differences  are  the  horizon- 
tal pofition  of  their  bodies ;  the  form  of  the  extremities ; 
thicknefs;  thehardnefs  of  their  fkin,  covered  with  hair 
or  furniflied  with  a  hard Thell,  as  if  horny,  the  verte- 
bral column,  prolonged  to  form  the  tail ;  the  anterior 
part  of  the  cranium,  flattened  and  horizontal ;  the  ears, 
large  and  elongated  ;  the  bones  of  the  nofe  and  upper 
jaw,  very  long,  and  placed  obliquely.  Upon  compa- 
ring this  itructure  with  that  of  man,  whofe  body  is  ered 
and  perpendicular,  the  radius  of  the  arm  is  moveable, 
the  ringers  are  fully  feparated,  the  thumb  is  oppofed  to 
the  four  others,  the  fkin  is  flecked  and  thin,  it  will  foon 
be  perceived  how  much  this  conformation  exalts  his 
fenfibility,  and  renders  bim  fuperior  to  the  moft  perfect 
animals.  The  anatomy  of  his  internal  organs,  and  the 
hiftory  of  his  functions,  alfo  add  much  weight  to  thefe 
important  confiderations. 

The  ancient  naturalifts,  at  the  head  of  whom  may  be 
placed  Ariftotle  and  Pliny,  diflinguifned  quadrupeds 
only  by  the  places  which  they  inhabited.  So3  for  want 
of  exact  descriptions  and  fure  characters,  we  are  at  a 
lofs  fometimes  to  difcover  what  animals  they  are  descri- 
bing. The  naturalifts,  who  perceived  the  difadvantages 
of  this  method,  adopted  a  very  different  manner  of 
treating  the  lubjeet.  They  made  ule  of  the  exter- 
nal form  of  the  moft  apparent  parts  of  animals  to  ren- 
iler  .their  characters  eafy  to  be  undcrftood,  by  means 
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of  which  they  might  he  furcly  diffinguifhed  from  one 
another.    We  fhall  relate  here  only  three  artificial  me- 
thods with  refptct  to  quadrupeds ;  thofe  of  Linnaeus? 
Klein,  and  Briflbn. 

Method  of  LrNNJEus. 

Linnaeus  divides  the  animals  with  dugs,  Mammalia, 
into  feven  orders.  The  firft,  which  comprehends  thofe 
which  he  calls  primates,  has  for  characters,  dentes  in- 
cifivi in  both  jaws ;  two  mammas,  fituated  upon  the 
breaff. ;  the  arms  extended  from  the  clavicles.  This 
order  contains  four  genera,  viz.  man,  the  ape,  profi- 
mia,  and  vefpertilio.  We  cannot  but  fay,  that  this 
method  is  far  from  being  natural,  as  it  approximates 
bodies  ol"  very  diftinct  natures,  as  man  and  a  bat. 

Animals  of  the  fecond  order  are  called  bruta.  Their 
characters  are,  the  abfence  of  the  dentes  incifivi,  the 
feet  armed  with  ftrong  claws,  flow  walking.  This  or- 
der comprehends  fix  genera ;  which  are,  the  elephant, 
trichecus,  bradypus,  myrmecophaga,  manis,  dafypus. 
The  two  firil  genera  are  very  far  diftant  from  the  four 
others. 

In  the  third  order,  which  the  Swedifh  naturalift  de- 
figns  by  the  name  of  jera,  wild  beafts,  he  compre- 
hends all  animals  with  mammse,  whofe  dentes  incifivi 
are  conical  ;  and  for  the  mod:  part  fix  to  both  jaws, 
whofe  canini  are  very  long,  and  molares  not  flat ; 
whofe  feet  are  armed  with  fharp  claws;  and,  laflly, 
which  devour  their  prey,  and  live  upon  plunder.  There 
are  ten  genera  in  this  order  ;  phoca,  canis,  felis,  viverra, 
muflda,  urfus,  didelphis,  talpa,  forex,  and  erinaceus. 

The  fourths  order,  intitled  glires,  is  diftinguifhed  by 
the  following  characters :  The  animals  which  compofe 
it  have  two  dentes  incifivi  to  each  jaw,  no  canini ;  their 
feet  are  armed  with  claws,  and  proper  for  jumping. 
They  eat  bark,  roots,  &c.  This  order  comprehends 
fix  genera ;  which  are,  the  hiftrix,  lepus,  caftor,  mus, 

fciurus, 
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'iciurus,  and  the  American  dormoufe,  called  by  Linnaeus 

nocl'dio. 

This  naturalift  united  in  the  fifth  order,  by  the  name 
of  pecora,  the  quadrupeds  which  have  dentes  incifivi  to 
the  inferior  jaw,  and  which  have  none  to  the  upper  ; 
whofe  feet  are  forked,  and  which  are  ruminant.  Came- 
lus,  mofchus,  cervus,  capra,  ovis,  bos,  are  thefix  ge- 
nera which  compofe  this  order. 

The  fixth  order  comprehends,  under  the  name  of 
b:llucB,  the  quadrupeds  which  have  obtufe  dentes  inci- 
fivi, and  feet  with  claws.  The  four  genera  which -com- 
pofe this  order,  viz.  equus,  hippopotamus,  fus,  rhinoce- 
ros, are  diftinguifhed  very  well  from  one  another  by 
the  number  of  their  teeth  and  form  of  their  feet. 

Laftly,  the  feventh  order,  which  comprehends  the 
cetacea,  cete,  is  diftinguifhed  from  all  others  by  the  form 
of  the  feet,  which  refemble  fins.  But  as  we  fuppofe, 
with  feveral  modern  naturalifts,  a  particular  clafs  of  ce- 
tacea  mould  be  made,  we  mall  treat  of  them  after  the 
quadrupeds. 

The  method  of  Linnaeus  appears  to  be  defective  in 
ibme  points ;  not  only  in  its  approximating  bodies  fo  di- 
ftin£t  as  man  and  the  bat,  and  in  its  feparating  animals 
fo  fimilar  as  the  rat  and  the  moufe ;  but  dill  more  fo 
in  the  divifions  being  not  numerous  enough,  and  in 
their  not  being  fit  for  diftinguilhing  a  quadruped  eafily  : 
now  this  ought  to  be  the  fole  merit  of  a  method,  and  its 
only  advantage. 

Method  o/M.  Klein. 

M.  Kle  1  n  divided  the  quadrupeds  into  two  great  or- 
ders. In  the  nrft  he  has  compriled  thofe  which  have 
feet  with  claws,  pedes  ungulati,  pedes  chelifen  ;  in  the 
fecond  thofe  whole  feet  have  toes,  pedes  digitati. 

The  fir  ft  order  is  divided  into  five  families,  whofe 
character  is  taken  from  the  divilion  of  the  pedes  ungu- 
lati  into  feveral  pieces.  The  fir  ft  family,  called  mc- 
■noc/jeb,  comprehends  the  genus  of  the  horie.    The  fe- 
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cond,  whole  individuals  arc  called  dichcla,  comprehends 
-all  thofc  which  have  forked  feet,  bifida*  Some  have 
horns,  as  the  bull,  the  ram,  the  goat,  the  flag,  kc; 
others  have  none,  as  the  wild  boar,  fow,  babyraufl'a. 
The  trichela,  or  animals  whofe  foot  is  divided  into  three 
parts,  compole  the  third  family,  in  which  there  is  only 
the  rhinoceros.  The  fourth  family,  whofe  characterillic 
is  to  have  the  foot  feparated  into  four  pieces,  tetrachela, 
contains  only  the  hippopotamus.  The  fifth,  which  is  di- 
flinguifhed  by  the  feet  divided  into  five  pieces,  penta> 
chela,  contains  only  the  elephant. 

The  fccond  order  of  quadrupeds,  wnich  comprehends 
thofc  which  are  digitati,  is  likewife  divided  into  five  fa- 
milies. The  firft,  defigned  for  the  animals  which  have 
two  toes  to  the  foot,  didailyla, comprehends  the  camel, 
and  the  f'lenus,  or  the  floth  of  Cevlon.  The  fecond 
family,  in  which  are  comprifed  the  animals  with  .three 
toes  to  the  feet,  tridadyla,  comprehends  the  floth  and 
the  ants.  In  the  third,  M.  Klein  comprifed  under  the 
Dame  of  tet^adailyla,  animals  with  four  toes,  the  arma- 
dillos and  the  Guiney  pigs,  which  feem  to  be  kinds  of 
rabbits,  The  fourth^  family,  which  has  for  characters 
five  toes  to  the  feet,  pentadailyla  i  it  is  the  mo  ft  nume- 
rous of  all ;  it  contains  the  rabbit,  fquirrel,  cormoufe, 
yat,  moufe,  mole,  bat,  weafel,  porcupine,  dog,  wolf, 
fox,  coati,  cat,  tyger,  lyon,  bear,  ape :  the  number 
of  the  kinds  comprehended  under  thefe  different  ge- 
nera is  very  confiderabfee.  It  muft  be  obferved,  that 
M.  Klein,  in  all  thefe  characters  taken  from  the  form  of 
the  feet,  confiders  only  the  fore-feet  for  the  diftinc- 
tion  of  the  families.  Lallly,  the  fifth  family  of  the  di- 
gitate is  formed  of  the  animals  whole  feet  are  irregular, 
anomalopedia,  the  otter,  beaver,  lea- cow,  and  calf. 

The  lame  objection  might  be  made  to  M.  Klein's 
method  as  to  that  of  Linnaeus.  Although  his  firft  divi- 
fions  are  well  adapted  for  families,  the  genera  are  not 
eafy  to  be  diftinguilhcd  according  to  his  method,  parti- 
cularly thole  of  the  fourth  family  of  the  digitati. 
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Method  <7/"Brisson. 

M.  Brisson  has  avoided  the  greateft  part  of  thefe  in- 
conveniences, by  combining  all  the  characters  given  by 
the  naturalifts  who  preceded  him.  The  number  of 
their  teeth  is  made  ufe  of,  their  abfence,  the  form  of 
the  extremities,  that  of  the  tail,  the  nature  of  the  ap- 
pendices, as  the  horns,  the  fcales,  prickles.  His  com- 
bined method  is  without  contradiction  the  moft  com- 
plete, and  the  mod  proper  to  diftinguifti  a  quadruped, 
and  to  refer  it  to  the  genus  to  which  it  belongs. 

Clafs  II.  Cetacea. 

The  cetacea  are  large  animals  which  inhabit  the  fea, 
and  which,  by  the  ftructure  of  their  lungs  and  ot  their 
blood-veflels,  may  live  in  water,  as  we  mail  more  fully 
relate  in  the  hiftory  of  relpiration.  They  refemble 
quadrupeds  in  the  ftructure  of  their  mammae,  becaufe 
they  bring  forth  their  young  alive,  and  in  general  in 
their  internal  organs :  but  they  differ  in  the  form  of 
their  extremities,  which  are  formed  into  fins,  and  in 
two  large  openings  placed  at  the  top  of  their  heads, 
by  which  they  reject  the  water  to  a  more  or  lefs 
confiderable  height.  Naturalitls  call  thefe  conduit;? 
[pir.acula.  The  number  of  the  genera  of  thefe  animals  is 
much  lefs  than  that  of  quadrupeds.  M.  Brillou  di- 
ftinguilhed  them,  i.  Into  cetacea  which  have  no  teeth  ; 
fuch  as  the  whale,  balasna  :  2.  Into  cetacea  which  have 
teeth  only  in  the  upper  jaw  ;  fuch  as  the  monodon  or 
monoceros  :  3.  Into  cetacea  which  have  teeth  only  in 
the  under  jaw  ;  fuch  as  the  phyfeter :  4.  Into  cetacea 
which  have  teeth  in  both  jaws  j  fuch  as  the  dolphin,  del- 
phinus. 


L  E  C- 


LECTURES  ON 


L  E  C  T  II  U  E  LVIII. 

Clafs  III.    Birds.  Ornithology. 

r  ■  1 1  IE  birds  are  two-feeted  animals,  which  move  i 

j[  the  air  by  means  of  their  wings,  which  are  co- 
vered  with  feathers,  and. which  have  a  bill  of  a  horny 
fubftance.  Thefe  animals  prefent  a  great  number  of 
intending  facts,  relatively  to  the  varied  form  of  their 
bill,  the  Itru&ure  of  their  feathers,  the  motions  which 
they  make,  their  manners,  &c.  From  the  abridgement 
of  phyfiology,  which  we  mall  offer  in  a  more  full  man- 
ner afterwards,  we  (hall  learn  the  moft  important  of 
thefe  fac"ls.  We  muft  confine  ourfelves  to  the  external 
characters,  which  naturalifts  have  made  ufe  of  to  di- 
ftincuim  the  birds,  and  to  clafs  them  methodically. 

The  firft  philofophers  who  treated  of  this  part  of  na- 
tural hiftory,  eftabliibed  no  other  differences  between 
birds  except  which  nature  prefented,  relatively  to  the 
places  frequented  by  thefe  animals.  Thus  they  diftin- 
guimed  them  into  birds  of  the  woods,  of  the  plains, 
bufhes,  feas,  rivers,  lakes,  &c.  Some  others  have 
diftinguifhed  them,  by  their  way  of  feeding,  into  birds 
of  prey,  granivorous.  &c.  . 

But  the  methodifts  have  followed  another  line  to  di- 
flinguifh  the  birds.  Linnseus  has  divided  them,  from 
the  form  of  their  bill,  into  fix  orders,  like  the  quadru- 
peds, with  which  he  compared  them.  But  thefe  divi- 
sions feem  to  be  not  fufficiently  detailed,  efpecially  in 
obferving,  that  the  number  of  the  fpecies  is  much 
more  considerable  in  birds  than  in  quadrupeds,  as  M. 
le  Compte  de  Buffon  has  brought  the  number  of  known 
quadrupeds  up  to  200,  and  the  birds  to  1500  or  2000* 
We  mall  confine  ourfelves  to  the  methods  of  Meflieurs 
Klein  and  Briffon. 

M.Klein  divided  the  birds  into  eight  families,  from 
the  form  of  their  feet.  The  firft,  under  the  name  of 
didaftyTi,  comprehends  thofc  which  have  two  toes  to 
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the  feet;  the  oflrich  is  the  only  one  in  this  divifion. 
Thefecond  comprehends  the  tridactyli  ;  as  the  cafoar, 
the  buftard,  the  lapwing,  the  plover.    The  third,  the 
tridaclyli  ;  thofe  which  have  two  toes  before  and  two 
behind;  as  the  parrot,  the  wood-pecker,  the  cuckow, 
the  kingVfimcr.    '1  he  fourth,  the  tetradactyli  which 
have  three  of  their  toes  before  and  one  behind.  This 
family  is  the  moft  numerous  of  all ;  it  comprehends  the 
birds  of  prey,  diurnal  and  nocturnal,  the  corbies,  mag- 
pies, darlings,  thrumes,  blackbirds,  larks,  &c.  The 
fifth  family  comprehends  the  tretrada&yli  which  have 
three  I oes  before,  united  by  a  membrane,  and  the  po- 
fterior  one  is  free.    Thefe  birds  are  called  plain  footed; 
the  geefe,  ducks,  gulls,  puffings.    The  fixth  compre- 
hends the  tetradactyli  whofe  four  toes  are  united  by 
one  membrane:    Thefe  are  called  in  Latin  planci.  The 
pelican,  the  cormorant,  booby,  he.  are  ranked  by  M.- 
Kir-in  in  this  clafs.    The  feventh  is  compofed  of  thofe 
which  have  only  three  toes  united  by  one  membrane  ; 
thefe  are  the  tridactyli  palmipedes:  the  chaffinch,  &c. 
belong  to  this  clafs.    Laftly,  the  eighth  comprehends 
the  tetradaclyli  whofe  toes  are  furnifhed  with  mem- 
branes, fringed  or  fimbriated.     They  are  alfo  called 
daftylob'i.    The  pigeons  and  moor-hens  compofe  this 
lalt  lamily.    Klein's  method,  though  more  detailed 
than  that  of  Linnaeus,  is  (till  pregnant  with  difficulties 
in  diltinguilhing  the  genera,  particularly  thofe  of  the 
fourth  family.    For  this  reafon,  we  prefer  that  of  M. 
Bnifon.  It  is  true,  that  this  lafl,  in  which  the  author  has 
ufed  all  the  characters  united,  as  in  the  cafe  of  the  qua- 
drupeds, at  firll  fight  appears  very  complicated  ;  but 
upon  being  reduced  into  a  table,  all  the  divifions  are 
at  once  prefented,  and  from  thefe  any  bird  may  be 
at  once  dittinguiihed. 

Clafs  IV.    Amphibious  Animals. 

The  amphibious  animals  are  thofe  which  live  upon 
land  and  water  equally.    They  may  remain  in  thefe  a 

longer 
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.  longer  or  fhorter  time.  The  toes  of  thofe  of  thefe  ani- 
mals which  have  any  toes,  are  alinoft  always  unitrd  by 
membranes;  thtir  (kin  is  fleck  and  i'caly:  fomctimes 
they  are  covered  with  an  off  ous  fhell.  Some  are  ovi- 
parous  ;  however,  there  are  others  that  are  viviparous ; 
ibme  fvvim,  others  Walk  as  quadrupeds ;  laftly,  fome 
creep  like  the  worms.  From  thefe  differences,  Lin- 
naeus divided  the  amphibia  into  three  orders.  The  firfj 
Comprehends  the  reptiles  which  have  feet ;  the  i'econd 
the  ferperits  ;  and  the  third  the  kinds  of  fwiming  ani- 
mals called  cartilaginous  fifbes . 


LECTURE  LIX. 
Clafs  V.    Fishes.  Ichthyology. 

are  very  dilferent  animals  from  the  prece- 
JP  ding,  whofe  internal  organs  have  a  ftructure  quite 
particular,  as  we  ihall  notice  in  our  abridgement  of 
phyfiology.  They  arc  diilinguifhed  From  other  animals 
by  their  want  of  feet,  bur  they  have  fins  which  ferve  to 
move  them  in  the  water ;  and  by  their  refpiring  water 
inftead  of  air.  The  limes  are  much  more  difficult  to. 
know  than  the  other  animals ;  therefore  their  natural 
hiflory  is  in  general  much  lefs  advanced. 

In  order  to  underitand  the  methodical  divifion  which 
we  (hall  propofe,  from  Artedi,  Linnaeus,  and  Gouan, 
it  is  requifite  to  take  a  curfory  view  of  their  external 
anatomy.  The  bodies1: of  fifties  may  be  divided  into 
three  parts,  viz.  the  head,  the  trunk,  and  the  fins. 

The  head  of  thefe  animals  has  different  ftwpes.  It 
is  flattened  either  horizontally  or  laterally,  or  it  is 
round  ;  bare,  or  fcaly  ;  lleek,  or  full  of  prickles,  tu- 
bercles, &c.  It  is  remarked,  that  their  mouth  is  fur- 
nimed  with  flefhy  or  ofTeous  lips,  of  appendices  foft  and 
very  moveable  ;  the  teeth  adhering  to  the  jaws,  the  pa- 
late, the  tongue,  the  gullet ;  the  eyes,  two  in  number, 
immoveable,  without  lids  j  two  jioftrils  on  each  fide  \ 

the 


NATURAL  HISTORY.  y/J{ 


the  opening  of  the  gills,  or  the  broncliise ;  the  coverings., 

;  or  the  round,  triangular,  fquare  bones,  defigned  to  fe- 
cure  the  opening  of  the  bronchias ;  the  bronchial  mem- 
brane placed  under  the  coverings,  fupported  upon  fe- 
veral  props  or  bones  in  form  of  an  arch,  whole  num- 
ber varies  from  two  to  ten.    This  membrane  is  double 

I  under  the  coverings  ;  and  it  is  very  important  to  exa- 
mine its  ftructure  and  varieties,  becaufe  the  characters 

I  of  the  genera  are  mod  frequently  taken  from  the  num- 
ber or  form  of  its  fibres. 

The  trunk,  like  the  head,  differs  in  its  form: 
it  is  either  round,  globular,  long,  flat,  or  angu- 
lar. Its  lateral  tine  muft  be  obferved,  which  appears 
to-  divide  each  fide  of  the  body  into  two  parts  ;  the 
thorax,  placed  under  the  gills,  at  the  beginning  of  the 
trunk,  and  filled  by  the  heart  and  bronchise  ;  the  belly, 

,  whofe  fides  form  the  machinery,  continued  from  the 
head  to  the  tail,  and  which  contains  the  ftomach,  inte- 
rlines, liver,  bladder,  the  parts  of  generation  ;  the 
opening  of  the  anus,  which  is  common  to  the  inte- 
ftines,  the  bladder,  and  the  parts  of  generation  :  laflly,, 
the  tail,  which  ends  the  trunk,  is  cf  various  form  and 
extent. 

The  members  or  fins,  pinnae  natatorial,  are  formed 
of  membranes  formed  of  fmall  fibres  ;  fome  of  which 
are  hard,  ofleous,  and  terminated  in  a  {harp  point, 
which  conftitutes  the  fiflies  called  acanthoptery gious  by 
Artedi ;  others  are  flexible,  foft,  obtufe,  as  if  cartila- 
ginous, which  conftitutes  the  fiflies  called  ?nalacopteiy- 
gious.  Five  kinds  of  fins  are  diltinguilhed  relatively  to 
their  fituation  ;  the  dorfai,  pectoral,  abdominal,  that 
of  the  anus,  and  that  of  the  tail. 

The  dorfai  fin  is  fingle  ;  it  keeps  the  fifh  in  equili- 
brium; it  varies  in  fituation,  number,  figure,  propor- 
tion. 

The  thoracic  fins  are  fituated  at  the  opening  of  the 
gills:  they  are  two  in  number;  they  lerve  for  arms4 
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fometimes  even  for  wings:  they  differ  in  the  place  of 
their  infertion,  their  extent,  their  figure,  &c. 

The  fins  of  the  belly  are  the  moil  important  to  be 
known,  becaufe  Linnaeus  has  made  ufe  of  their  filia- 
tion to  determine  diftinftly  the  clafles  of  fifties.  Thefe 
fins  are  placed  at  the  inferior  part  of  the  body  before 
the  anus,  and  always  lower  than  the  pectoral.  They 
are  fometimes  wanting  j  and  as  Linnaeus  has  compared 
them  to  the  feet,  he  has  called  thofe  fifties  apodes,  or 
ivithout  the  feet,  which  want  thefe  kinds  of  fins.  They 
are  prefent,  however,  in  the  greateft  number  of  fifties ; 
but  their  infertion  varies :  when  they  are  placed  above 
or  below  the  opening  of  the  gills  and  the  pectoral  fitis, 
they  are  catted  jugular ;  and  likewife  the  fifties  receive 
that  name  which  have  their  fins  inferted  in  that  place: 
if  they  are  attached  to  the  thorax,  and  behind  the  ope- 
ning of  the  gills,  then  they  are  called  thoracic ;  and 
likewife  the  fifties  with  this  ftructure  have  received  the 
fame  name  from  Linnaeus :  Laftly,  when  they  are  pla- 
ced under  the  belly,  nearer  the  anus  than  the  pectoral 
fins,  they  are  called  abdominal;  which  name  the  fiflies 
likewife  get  when  they  are  thus  formed. 

The  fin  of  the  anus  is  fingle.  It  occupies  all  or 
part  of  the  region  fituated  between  the  anus  and  tail  ; 
it  differs  in  form,  extent,  number,  although  it  never 
has  been  found  double,  except  in  the  golden  fifti  of 
China. 

The  fin  of  the  tail  is  placed  vertically  at  the  extre- 
mity of  the  body,  and  terminates  the  tail:  This  is  the 
helm  of  the  fifti,  the  inftrument  by  which  it  changes, 
at  its  pleafure,  its  direction  according  to  its  various 
motions.  It  exhibits  a!fo  feveral  varieties,  in  form,  ad- 
herence or  connection,  extent,  &c. 

From  thefe  details  upon  the  external  ana'omy  of 
fifties,  we  pafs  to  the  methodical  divifions  of  the  natu- 
ralifts.  Before  the  time  of  Artedi,  no  naturalifl  had 
yet  attempted  a  methodical  difpofition  of  the  fifties,  al- 
though methods  for  claffing  the  other  animals  had  been 
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offered.  This  philofopher  is  the  firfl  who  propofed  a 
fyltem  of  ichthyology,  from  the  nature  of  the  bones  of 
I  the  fins,  hard  Or  foft,  prickly  or  obtufe,  or  from  the 
form  of  the  gills.  He  next  laboured  to  multiply  the 
divifions  from  other  parts;  but  a  premature  death  cut 
off  his  defign.  Linnaeus  thought  of  eftablifhing  an  ich- 
thyological  method,  from  the  various  lituation  of  the 
fins  of  the  belly  :  and  M.  Gouan,  a  celebrated  profeflbr 
at  Montpelier,  combined  with  great  ingenuity  the  fy- 
ftems  of  Artedi  and  Linnaeus.  This  naturaiift  firft  di- 
vides the  fifties  into  thofe  which  have  the  gills  complete, 
that  is  to  fay,  formed  of  an  opening  and  a  bronchial 
membrane  properly  organifed  j  and  thofe  which  have 
the  gills  incomplete,  that  is,  which  want  either  the 
bronchial  membrane  or  the  opening,  or  both.  The 
firft,  then,  are  diftinguiflied  by  the  form  of  their  fins ; 
in  fhort,  thefe  parts  are  formed  either  of  hard  and  acute 
bones,  or  of  foft  fibres,  as  if  cartilaginous.  Thefe 
differences  conftitute  three  ciaffes  of  fifnes,  viz.  i .  the 
acanthopterygious ;  2.  the  inalacopterygious ;  3.  the 
branchioftigious.  In  each  of  thefe  ciaffes  of  fifhes,  the 
abdominal  fins  being  found  either  abfent,  or  placed  at 
the  neck,  thorax,  belly,  M.  Gouan  has  divided  each 
clafs  into  four  orders  ;  that  is,  into  apodes,  jugular,, 
thoracic,  and  abdominal. 

As,  from  thefe  firft  general  divifions,  there  are  no 
more  chara&ers,  to  divide  the  genera  into  fections  and 
articles,  as  there  are  in  the  method  of  M.  Briffon  for 
quadrupeds  and  birds,  we  {hall  have  no  need  of  redu- 
cing the  method  of  Gouan  into  a  table  ;  and  it  will  fuf- 
tice  to  offer  the  genera  under  the  clafles  and  orders  to 
which  they  belong. 

Clafs.  1.     Ac  ANTHOPTERIGIOU  S  FlSHES. 

Order  1.  Apodes. 

Gen.    1.  Trichiurus, 

2.  Xiphias, 

3.  Ophidium. 

Order  2. 
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Order  2.  Jugular. 

Gen.    lj  Trachnius, 

2.  Uranofcopus, 

3.  Callyonimus, 

4.  Blennius. 

Order  3.  Thoracic, 

Gen.   1.  Gobius, 

2.  Cepola, 

3.  Coryphaena, 

4.  Scomber, 

5.  Labrus, 

6.  Sparus, 

7.  Chcetodon, 

8.  Scicena, 

9.  Perca, 

10.  Scorpaena, 

1 1 .  Mullus, 

12.  Trigla, 

13.  Cottus, 

14.  Zeus, 

1 5.  Trachipterus, 

16.  Gafterofteus. 

Order  4.  AbdomnaU 

Gen.   1.  Silurus, 

2.  Mugil, 

3.  Polynemus, 

4.  Theutis, 

5.  Elops.  , 

2.   Malacopterygeneous  Fishes. 

Order  1.  Apodes. 

Gen.    1.  Mursena, 

2.  Gymnotus, 

3.  Anarhichas. 
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Gen.   4.  Stromareus, 
5.  Ammodytes. 

Order  2.  Jugulares. 
Gen.    1.  Lepidogafter, 
2.  Gadus. 

Order  3.  Thoracic, 

Gen.    1.  Pleuroncftes, 

2.  Echeneis, 

3.  Lepidopus. 

Order  4.  Abdominal, 

Gen.    i.  Loricaria, 

2.  Atherina, 

3.  Salmo, 

4.  Fiftularia, 

5.  Efox, 

6.  Argentina, 

7.  Clupea, 

8.  Exocastus, 

9.  Cyprinus, 

10.  Coxites, 

11.  Amia, 

12.  Mormyrus. 

Clafs  3.  Branchiostegious. 

Order  1 .  Apodes. 

Gen.   1.  Syngnathus, 

2.  Baliftes, 

3.  Oftracion, 

4.  Tetraodon, 

5.  Diodon. 

Order  2.  Jugulares, 
Gen.    1.  Lophius. 
Vol.  II.  £  b  Order  3, 
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Order  g.  Thoracic. 
Gen.    i.  Cyclopterus. 

Order  4.  Abdominal. 

Gen.    1.  Centrifcus, 
2.  Pegafus. 

The  characters  of  the  genera  are  taken  from  the  fhape 
of  the  body,  of  the  head,  mouth,  bronchial  membrane,, 
and  particularly  from  the  number  of  fibres  which  fup- 
port  this  membrane, 

Clafs  VI.    Insects.  Entomology. 

Insects  are  animals  which  are  known  by  the  form 
©f  their  bodies,  as  divided  by  rings,  and  by  the  prefence 
of  two  moveable  horns  which  they  have  above  the  head, 
and  which  are  called  antennae.  Infects  compofe  one  of 
the  mod  numerous  claffes  of  animals,  owing,  undoubt- 
edly, to  their  fmallnefe ;  as  it  has  been  obferved  that  the 
fmaller  thefe  bodies  are,  the  more  their  reproduction  is- 
multiplied.  The  hiftory  of  thefe  animals  is  one  oPthe 
mod  agreeable,  the  moft  amufmg,  and  perhaps  not  the 
lead  ufeful ;  as  properties  belonging  to  them  may  be 
found  ufeful  to  medicine  and  the  arts. 

Infects  prefent  in  their  claffes  an  example  of  almofl:  all 
the  other  animals,  relatively  to  their  manners,  their  form, 
their  habitation. 

Some  walk  like  quadrupeds ;  others  fly  like  birds  j 
v  fome  fwim  and  live  in  waters,  like  fifties  ;  laftly,  fome 
leap  or  crawl,  like  certain  reptiles.  This  analogy  may 
be  pulhed  even  farther  upon  examing  in  detail  the  ftruc- 
ture  of  their  extremities,  of  their  mouth,  their  internal 
organs,  &c. 

Infects,  confidered  externally,  are  compofed  of  three 
parts  ;  head,  bread,  and  belly. 

The  head  differs  in  form,  extent,  and  pofition.  It  is 
fometimes  very  large,  comparatively  to  the  bulk  of  the 
infect,  and  fometimes  very  fmall ;  it  is  either  ronnd, 
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fquare,  long,  {leek,  or  rough,  or  full  of  tubercles, 
or  covered  with  hair  in  certain  places.  It  is  obferved, 
1.  The  antennae  placed  in  the  neighbourhood  of  the 
eyes,  formed  of  different  pieces,  articulated  and  move- 
able, refembling  a  thread,  terminated  in  a  point  or  by  a 
mafs.  The  form  of  thefe  organs  is  effential  to  be  di- 
diftinguilhed,  becaufe  it  is  almoft  always  the  character 
ufed  to  diftinguiih  the  genera.  2.  The  eyes,  which  are 
of  two  kinds,  in  facets  or  a  net- work,  {leek  and  fmall : 
thefe  organs  are  fometimes  very  large,  at  other  times 
very  fmall ;  their  number  varies.  There  are  fome  in- 
fects which  have  only  one,  as  the  monocolus ;  others 
two,  as  the  fpider.  3.  The  mouth,  which  is  formed  ei- 
ther of  ftrong  horny  jaws,  placed  and  moved  laterally, 
or  of  a  trunk  more  or  lefs  long,  dilated,  fpiral,  &c. 
or  only  of  one  flit.  This  part  is  frequently  adorned  with 
fmall  moveable  appendices,  called  antennuhe,  two  or 
four  in  number. 

The  breaft  of  infects  :  it  is  placed  between  the  head 
and  the  belly  ;  it  is  fometimes  round,  fometimes  trian- 
gular, cylindrical,  broad,  narrow.  It  mould  be  confi- 
dered  as  compofed  of  fix  fides,  and  likewife  a  kind  of 
cube,  whofe  form  it  affumes  fometimes.  The  face,  or 
the  anterior  extremity,  is  hollowed  to  receive  the  head  : 
this  articulation  is  made  fometimes  only  by  a  thread,  as 
in  the  fly.  The  occiput  is  generally  round,  and  articu- 
lated with  the  firlt  ring  of  the  belly.  Sometimes  it  is 
joined  with  this  part  only  by  a  thread.  The  upper  fide 
is  often  flat  and  fleck,  fometimes  round,  prominent,  full 
of  appendices,  tubercles,  terminated  by  a  kind  of  pro- 
jecting edge  ;  which  conltitutes  the  thorax  marginatus. 
It  is  to  the  hind  part  of  this  fide  to  which  the  wings  are 
attached.  It  is  known  that  the  greatefl  part  of  infects 
is  provided  with  thefe  organs,  but  they  differ  Angularly 
from  one  another  ;  and  as  it  is  upon  thele  differences 
upon  which  are  founded  the  principal  divifions  of  the 
claffes  adopted  by  the  methodiiis,  it  is  of  importance  to 
confider  them.    Thefe  wings  are  either  in  the  number 
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of  (wo  or  four.  Among  thofe  which  have  two  tranfpa* 
rent  ones,  as  the  fly,  midge,  &c.  thefe  wings  are  al- 
ways accompanied  towards  their  infertion  and  below  it 
with  a  minute  filament  terminated  by  a  round  button, 
which  is  called  halter,  and  which  is  covered  with  a  con- 
cave membranous  appendix  called  the  fpoon'. 

In  a  great  number  of  infects  thefe  two  wings  are  very 
ftrong,  fold  back,  and  are  platted,  under  hard,  horny, 
moveable  cafes,  called  elytra.  Thefe  cafes  differ  in  form: 
fome  cover  all  the  belly ;  others  are  as  if  cut  tranfverfcly, 
and  cover  only  a  part  of  the  belly ;  fome  are  hard,  others 
foh  ;  mod  are  accompanied  to  the  height  of  the  future 
or  line,  by  which  they  approach  with  a  fmall  triangu- 
lar piece  folderedto  the  breait,  which  is  called  fcutellum  ; 
this  piece  is  wanting  in  fome  :  laftly,  with  infects,  in 
fome  cafes,  the  elytra  are  foldered,  as  if  formed  of  a 
fmgle  piece  and  immoveable. 

The  wings  are  often  four  in  number ;  then  they  are 
either  membranous  and  tranfparent,.  as  in  the  beetles, 
wafps,  &c.  or  they  have  upon  each  of  their  fides  a  co- 
loured powder,  which  with  the  microfcope  prefents 
fcales  laid  upon  the  wings  like  tiles  upon  a  houfe,  im- 
bricatim. 

The  inferior  part  of  the  breaft  is  irregular,  formed 
of  feveral  pieces  connected  to  one  another,  and  in  it  is 
inferted  a  part  of  the  legs.  The  number  of  thefe  laft 
varies  in  infects  :  many  have  fix,  others  eight,  as  the 
fpiders ;  in  fome  there  are  ten, as  in  the  crab.:  and  fome 
infects  have  a  much  greater  number.  Sixty  are  to  be 
counted  in  the  wood-loofe;  and  fome  kinds  offcolopen- 
dtas  have  even  feventy,  and  a  hundred  and  twenty  on 
each  fide.  In  thofe  which  have  only  fix,  eight,  or  ten, 
they  are  all  attached  ro  the  breaft,  according  to  Geof- 
froy  :  in  thofe  which  have  a  greater  number,  a  part  of 
the  legs  is  inferted  in  the  rings  of  the  belly. 

1  he  leg  of  an  infect  is  compofed  always  of  three 
parts;  the  thigh,  leg,  and.tarfus.  There  is  often  be- 
fides  thefe  an  intermediate  piece  between  the  body 
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and  the  thigh.  The  tarfus  is  formed  of  feveral  pieces 
or  rings  articulated  to  one  another :  the  number  of 
thefe  rings  varies,  and  extends  from  two  to  five.  There 
are  even  infects  whole  tarfus  of  the  fore  feet  is  more 
confiderable  than  the  hind  ones  :  which  eftablilhes  an 
analogy  between  the  ftructure  of  thefe  fmall  animals  and 
that  of  a  great  number  of  quadrupeds,  whofe  fore-feet  be- 
fore have  a  greater  number  of  toes  than  the  pofterior  feet. 
M.  Gcoffroy  has  taken  part  of  this  character  for  his  di- 
vifion  ;  as  we  mall  notice  more  afterwards.  The  tarfus 
is  terminated  by  two,  four,  or  fix  fmall  claws  or  hooks, 
and  furnilhed  below  frequently  with  brumes  or  fpongy 
balls,  which  fupport  and  connect  the  infect  upon  the 
molt  polifhed  bodies,  as  glafles,  &c. 

Upon  each  fide  of  the  bread  one  or  two  oblong  oval 
openings  areobferved,  which  are  called  fligmata,  and  by 
which  the  infect  refpires. 

The  third  part  of  infects  is  the  belly.  For  the  moft 
part  it  is  compofed  of  rings,  or  of  horny  half  rings, 
which  are  inchafed  into  one  another.  Sometimes  no 
rings  at  all  are  obferved,  and  the  belly  appears  formed 
only  of  one  fingle  piece.  It  is  generally  larger  in  fe- 
males than  in  males.  It  has  the  parts  of  generation 
fixed  to  its  extremity.  In  its  fides  a  ftigma  is  obferved 
upon  each  ring,  except  upon  the  two  laft .  At  the  po- 
fterior part  of  the  belly  feveral  infects  carry  their  flings ; 
fome  of  which  are  very  acute,  and  fnarp,  others  ferrated, 
and  others  like  a  wimble.  They  ferve  either  as  in  tru- 
ments  of  defence,  or  to  pierce  the  places  where  the  in- 
fect is  to  depofite  its  eggs. 

The  moft  fingular  phenomenon  in  infects,  and  that 
Hi  which  they  differ  entirely  from  moft  of  the  other  ani- 
mals, is  the  changes  of  ftate  through  which  they  pafs, 
or  the  metamorphofes  which  they  undergo  before  they 
■become  perfect  infects.  There  are  fome  infects,  and  al- 
moft  all  thofe  of  the  apteras,  which  fuffer  no  fuch 
.changes ;  but  the  greateft  number  are  fubmitted  to 
ihe:n.    No  infect  comes  out  of  its  egg  with  the  mother's 
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form  ;  but  it  appears  in  the  form  of  a  worm,  with  or 
without  legs,  and  whofe  ftructure  of  the  head  and  wings 
greatly  varies.  This  firft  (late  is  called  larva:  under 
this  kind  of  inafk  the  infect  eats,  turns  larger,  moves, 
and  changes  its  {kin  feveral  times.  When  it  has  come 
to  its  full  growth,  it  changes  fkin  for  the  lad  time,  but 
it  is  no  longer  in  the  form  of  a  worm  or  larva,  but  in 
quite  a  different  one,  called  nympha,  cbryfalis,  aurelia. 

M.  Geoffroy  diftinguifhes  four  kinds  of  nymphse. 
The  firft  is  that  which  does  not  refemble  an  animal ; 
fome  rings  are  obferved  only  on  the  under  part,  and  the 
upper  prefents  only  indiftinct  imprcffions  of  antennae, 
legs,  and  wings.  The  fkin.  of  this  kind  is  hard,  car- 
tilaginous, and  it  has  only  a  few  motions  in  its  rings, 
as  in  the  butterfly,  he. 

The  fecond  kind  of  chryfalis  difcovers  the  parts  of  the 
perfect  animal  inveloped  in  a  very  minute  and  foft  fkin. 
It  is  immoveable  like  the  firft.  Infects  in  cafes,  thofe 
with  four  bare  wings,  and  thofe  with  two,  furnifh  ex- 
amples. The  third  kind  is  that  whofe  wings  are  fully 
evolved  and  apparent,  and  which  move.  Such  are  the 
midges,  and  the  infects  which  pafs  the  two  firft  ftates 
of  their  life  in  water. 

Laftly,  the  fourth  kind  comprehends  thofe  which  re- 
femble the  perfect  infect,  in  the  form  of  the  body,  the 
prefence  of  the  antennas,  and  paws.  Thefe  nymphse 
move  and  eat.  They  differ  from  perfect  infects  only  in 
the  abfence  of  the  wings,  and  in  their  being  unfit  for 
generation.  The  nymphas  of  the  beetles,  bugs,  lo- 
cufts,  &c.  are  of  this  kind. 

The  hiftory  of  infects  laboured  under  the  fame  diffi- 
culties as  that  of  other  animals.  The  ancient  natura- 
lifts  had  ditinguifhed  them  only  by  the  places  which  they 
inhabit.  Before  Linnaeus  no  perfon  had  undertaken  to 
difpofe  them  methodically,  and  to  offer  characters  by 
which  they  might  be  diftinguifhed.  This  naturalift  has 
the  merit  of  the  firft  f)  Hematic  divifion  of  thefe  animals. 
Geoffroy  afterwards  undertook  to  clafs  them  in  a  more 
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ntsa^t  manner.  His  divifion  of  fections  and  'genera  is  a 
.mafter-piece  of  accuracy,  precifion,  and  perfpecuity. 
We  (hall  adopt  his  divifion. 

Geoffroy  divided  the  infects  into  fix  genera,  from  the 
abfence,  ftructure,  and  number  of  the  wings.  The 
:firfl:  fection  comprehends  the  coleopterse,  or  infects  whofe 
wings  are  covered  with  a  cafe.  Their  mouth,  of  two  la- 
teral horny  jaws,  alfo  forms  a  fecond  general  character 
of  this  fection.  The  May-bug  prefencs  thefe  two  cha- 
racters. 

The  fecond  fection  comprehends  the  hemipteras;  the 
upper  parts  of  whofe  wings  are  either  fomewhat  thick 
and  coloured,  or  half  hard  and  opaque  :  but  the  cha- 
racter of  the  wings,  which  is  not  exact  in  this  fection, 
•is  replaced  by  that  of  the  mouth,  which  is  conftant.  This 
mouth  is  a  long  acute  trunk,  folded  back  below  between 
the  paws.  The  wood-bug  and  cicada  belong  to  this 
fection. 

The  third  fection  is  compofed  of  tetraptera  with  fari- 
naceous wings,  whofe  four  wings  are  coloured  by  a  fcaly 
powder,  and  which  have  a  trunk  more  or  lefs  long,  fre- 
quently twilled  fpiral-ways,  as  the  butterfly.  Linnaeus 
calls  thefe  lepidoptera. 

In  the  fourth  fection,  the  tetraptera  are  comprehend- 
ed, with  bare  wings.  Their  four  wings  are  membra- 
nous ;  they  have  hard  jaws :  of  this  fort  is  the  wafp. 
Linnaeus  made  two  orders  of  thefe  infects:  the  neurop- 
tcra,  whofe  anus  has  no  fting,  and  whofe  wings  are 
marked  with  nerves ;  and  the  bymenoptera,  which  have 
the  anus  armed  with  a  fting,  and  the  membranous  wings 
without  any  very  apparent  nerves. 

The  fifth  fection  contains  the  diptera,  or  rhofe  with 
two  wings ;  their  mouth  is  mod  frequently  formed  of  a 
trunk,  and  they  have  balancers  and  fpoons  under  the 
origin  of  their  wings. 

In  the  fixth  and  laft  fection,  the  aptera,  or  thofe  with- 
out wings,  are  ranked  ;  as  the  fpider,  lquie. 

B  b  4  B  e- 
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Befides  thefc  firft  divifions,  Geoffroy  has  eftablifheS. 
Others  to  facilitate  the  diftinction  of  infects. 
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LECTURE  LX. 

Clafs  VII.  Vermes. 

ORMS  are  foft  animals,  of  a  very  different  form 
from  that  of  the  infects,  with  which  they  have 
been  confounded  by  feveral  naturalifts.  They  have  no 
bones,  properly  fo  called  ;  and  their  members  are  not  con- 
formed as  thofe  of  infects ;  they  are  not  obliged  like 
them  to  pafs  through  different  dates.  It  is  the  want  of 
feet,  properly  formed  like  thofe  of  infects,  and  the  con- 
ftant  and  immutable  form,  which  they  keep  all  their 
life,  which  make  their  proper  characters,  and  which  di- 
ftinguilh  them  from  other  animals. 

The  clafs  of  worms  is  the  mod  numerous  and  leaft 
known  of  all  animals.  There  are  few  dead  or  organi- 
fed  fubflances  in  which  fome  worms  are  not  found,  which 
find  their  nourinYm  nt  there.  The  molt  part  of  natu- 
ralifts, and  Linnaeus  himfelf,  have  put  in  the  fame  clafs 
the  vermes  and  polypi ;  but  their  internal  ftructure  and 
functions  are  entirely  diftinguifhed.  A  heart  and  vef- 
fels  are  found  in  moft  worms ;  and  nothing  fimilar  is 
found  in  the  polypi. 

We  muifc  fully  diftinguim  the  worms  of  which 
we  are  now  treating,  from  the  animals  which  are 
only  larvae  of  infects,  and  which  have  for  that  reafon 
received  the  name  of  ivorms  on  account  of  their 
form.  Their  head,  furnilhed  with  a  jaw,  and  the  legs, 
Which  they  have  more  or  lefs,  moft  commonly  fix,  afford 
characters  by  which  they  may  beeahly  diftinguifhed. 

The  worms  have  a  great  deal  of  motion :  they  love 
and  frek  for  humidity  :  fome  have  no  very  diftinct  head: 
the  moft  part  are  hermaphrodite.  Thofe  which  have 
a  head  have  it  armed  with  two  moveable  retractible 
horns,  called  tentacuJa.  It  feems,  that  almoft  all  the 
worms,  of  wliich  we  mall  give  an  abridged  account, 
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have  the  property  of  being  reproduced  when  they  are 
cut  through  ;  which  indicates  a  fimple  organifation,  and 
that  their  nature  approximates  to  that  of  the  polypi. 

The  worms  may  be  divided  inro  three  fcctions.  The 
firff.  (hall  contain  the  bare  worms,  whofe  organifation 
is  bed  known,  and  which  approximate  in  this  charac- 
ter to  the  other  animals,  In  the  feeond,  we  (hall  rank 
the  worms  inveloped  in  a  teftaceous  covering,  or  the 
fhell-wofms  :  their  organs  are  lefs  known  than  th  >fe  of 
the  firft  :  however,  the  excellent  refearches  of  M.  A- 
danlon  prove,  that  their  ftructure  approximates  to  the 
bare  worms.  The  third  feftion  will  comprehend  the 
worms  with  a  cruftaceous  covering  :  their  organifation 
is  notfo  well  known  as  that  of  the  preceding,  and  their 
external  form  and  ftructure  oi  the  mouth  alone  has  as 
yet  been  examined. 

Sect.  I.  Vermes  Nudt. 

It  is  eafy  to  figure  the  difference  which  exifts  be- 
tween the  worms  comprifed  in  this  fection  and  thofe  of 
the  two  others :  they  are  bare,  and  without  any  calca- 
reous or  cruftaceous  covering.  There  are  fix  different 
genera  in  this  fedtion. 

Genus  1.  Gordius. 
This  worm,  according  to  Linnaeus,  has  a  body  like 
a  round  wire,  the  mouth  forked,  the  jaws  horizontal 
and  obtuie :  its  body  is  pale,  and  its  two  extremities 
are  black.  Gefner  and  Aldrovande  have  called  it  Viln- 
ius aquaticus.  The  vena  medinenfis  belongs  to  this 
genus. 

Genus  2.  Lumbr'icus. 
This  worm's  body  is  formed  of  rings  :  its  anterior 
extremity  is  pointed  ;  its  genital  parts  are  at  the  neck; 
it  is  hermaphrodite  and  oviparous.  The  earth-won.-, 
that  of  the  mtettines  of  men,  and  the  fea-worm,  are 
the  thiee  kinds  well  known. 

Genus 
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Genus  3.  Afcaris. 
Its  body  is  fleek,  and  its  extremities  are  acute  :  it  is 
to  be  fometimes  found  in  the  red  urn  of  children. 

Genus  4.  Hirudo. 
Its  body  appears  to  be  fwelled  in  the  middle  :  its 
extremities  dilate  into  a  roundifh  and  flat  body:  its 
head  is  armed  with  three  fmall  tuberofities,  which 
make  a  wound  with  three  angles  upon  an  animal's  (kin, 
to  which  ir  adheres.  Its  mo.uth  is  the  pump,  and  a 
fort  of  flefhy  tuberofity,  placed  at  the  bottom  of  this 
Cavity,  is  the  pifton.  Such  is  the  mechanifm  by  which 
the  leech  fucks  the  blood. 

Genus  5.  Lima*. 
Its  body  is  oblong,  covered  with  a  fhield  or  flefhy 
mantle  above,  and  formed  of  a  mufcular  fheath  below. 
There  are  feveral  kinds  of  fnails,  which  differ  in  fize, 
colour,  fhades. 

Genus  6.    Tama  folium,  Vermis  folitaris. 

It  has  received  this  name,  becaufe  it  has  been  fup-* 
pofed  to  be  found  alone  in  the  interlines  of  animals : 
but  it  is  an  error  ;  feveral  have  been  found  in  man. 
There  are  fometimes  dozens  in  horfes,  dogs,  fifties,  &c. 
The  character  of  this  animal  is  of  being  flat  like  a  ri- 
band, and  formed  of  diftincl:  articulated  rings,  having 
a  fine  elongated  extremity,  which  has  been  fuppofed  its 
head.  It  is  thought  that  each  ring  is  a  particular  ani- 
mal, which  lives  and  is  nourifhed  feparately.  It  is  of 
a  very  confiderable  length,  frequently  feveral  yards 
long.  It  is  reproduced  when  it  is  cut ;  fo  that  animals 
are  not  cured  unlefs  it  be  taken  out  entire.  It  lives  in 
the  inteftines  of  almoft  all  animals.  The  different  kinds 
of  taenia  have  not  yet  been  well  examined.  Two  are 
diftinguifhed  in  man  ;  the  one  with  fhort  rings,  the 
other  with  long.    The  nature  of  this  worm  is  not  yet 
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properly  known,  notwithflanding  the  labours  of  MefTrs 
Andry,  Tyfon,  Herrenfchvands,  Bonnet,  Butini.  It 
feems  to  approach  much  to  the  polypi.  Linnaeus  has 
defcribed  a  round  kind  of  them  articulated,  of  a  mining 
white,  faid  to  be  found  in  marines.  He  fpeaks  alfo  of 
a  flat  white  worm,  which  he  calls  fafciola,  very  diffe- 
rent from  the  taenia,  in  its  not  having  articulations.  A 
very  fmall  kind  is  found  near  rivulets,  and  likewife  in 
the  liver  of  fheep ;  there  is  another  much  longer,  arid 
is  found  in  the  interlines  of  filhes. 

Sect.  II.    Vermes  Tejlacei. 

These  are  covered  with  a  fhell  of  the  nature  of  chalk* 
Moll:  naturalifts  have  paid  attention  only  to  this  cover- 
ing, and  have  founded  methods  upon  the  form  of  the 
fhclls.  M.  Adanfon  is  one  of  the  firfl:  who  has  under- 
taken to  defcribe  the  inhabitants  of  the  fhells,  and  to 
diftinguifh  thefe  animals  from  their  internal  form.  This 
work  is  very  little  advanced  and  very  difficult.  We 
{hall  point  out  the  road  of  the  naturalifts  in  the  diftri- 
bution  of  the  {hells.  M.  Dargenville  is  the  author  who 
has  given  the  moll  clear  and  molt  complete  method. 
He  divides  the  {hells  into  three  orders.  The  firft  com- 
prehends the  {hells  of  a  fingle  piece,  univaha^  cochlea  ; 
the  fecond,  the  {hells  of  two  equal  and  fymmetrical  pie- 
ces, bivalva,  concha  ;  the  third,  the  multmaha  or  poly- 
vaha,  which  are  formed  of  more  than  two  pieces 
united. 

Order  1 .    Univalva,  Cochlea. 
Familiar  five  genera  i.  Patella, 

2.  Haliotis, 

3.  Tubulus,  dentalium, 

4.  Nautilus, 

5.  Cochlea, 

6.  Nerites, 

7.  Trochus, 
ii.  Cylindrus, 

Fa- 
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Familice  five  genera  9.  Voluta, 

10.  Strombris, 

11.  Buccinum, 

12.  Murex, 

13.  Purpura, 

14.  Porcellana, 

15.  Globus. 

Order  2.    Bivaha,  Concbx. 

Familias  five  genera  1 .  Oftrea, 

2.  Chama, 

3.  Concha  cordis, 

4.  Pe&en, 

5.  Mytulus, 

6.  Solen. 

Order  3.  Multivahe  vel polyvaha> 
^amilise  five  genera  1.  Pholas, 

2.  Balanus, 

3 .  Concha  anatifera. 

Sect.  III.  Vermes  Cruftacei. 
This  fe&ion  is  the  leaft  numerous  and  lead  known  5 
comprehends  two  genera  well  characterifed.  - 

Genus  1.  Afleriaa 

Its  mouth  is  in  the  middle  of  the  body*;  its  crufta-* 
ceous  covering  is  divided  into  filaments,  which  have  the 
form  of  a  net«work. 

Genus  2.  Echinus. 
Its  mouth  is  at  the  bafe  of  a  cruftaceous  round  and 
vaulted  covering,  fet  full  of  prickles.  M.  Dargenville 
has  placed  the  urchins  in  the  order  of  the  multivalvas ; 
M.  Klein  has  made  a  complete  work  upon  thefe  ani- 
mals, intitled,  Naturalis  difpofitio  echinodermatum.  The 
fituation  of  the  anus  appeared  to  him  fufceptible  of  fur- 
nifliing  a  proper  method  for  diftinguiftiing  them.  He 
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has  divided  them  into  three  clafles.  The  firfl:  compre- 
hends the  anocyfti,  whofe  anus  is  placed  at  the  top  or 
higheft  place  of  the  vault:  the  fecond  contains  the  ca- 
tocyfti,  which  have  the  anus  placed  below.  In  the 
third  clafs,  he  places  the  pleurocyfti,  whofe  anus 
opens  neither  at  top  nor  bottom,  but  at  the  furfacc  or 
the  fide. 

The  characters  of  the  fecYions  and  genera  are  taken 
from  the  form  of  the  arch,  and  from  their  points  or  ad- 
pendices. 

Clafs  VIII.  Polypi. 

The  polypi  conftitute  the  laft:  clafs  of  animals.  They 
are  theleaft  perfect,  and  fome  of  them  fo  refemble  ve- 
getables, that  naturalifts  have  for  a  long  time  comprifed 
them  in  the  number  of  thefe  laft. 

The  ancients  gave  the  name  of  polypi  to  animals  more 
or  lefs  voluminous,  having  a  great  number  of  feet,  and 
which  are  ufed  as  a  delicate  dim. 

By  this  name  we  underftand  all  moving  animals, 
whofe  organifation  feems  fimplc,  which  are  not  known 
to  have  a  heart,  and  which  are  formed  only  of  a  mem- 
brane, turned  round  into  facs,  furnifhed  with  a  great 
number  of  feet  or  horns.  The  polypi  have  alfo  a  pro- 
perty which  dirtinguifhes  them,  which  is,  they  have 
the  power  of  contracting  and  entirely  lofing  their  form, 
They  live  for  the  rnofl  part,  united  in  a  confiderable 
number,  in  the  fame  habitation.  They  are  reprodu- 
ced by  kinds  of  grains  which  are  feparated  from  their 
furface,  and  adhere  to  bodies  ;  or  they  grow  like  ve- 
getables. If  they  are  cut,  they  moot  and  are  renewed 
like  a  flip  of  a  tree.  We  divide  them  into  four  ft c- 
tions. 

Sect.  I.    Polypi  Nudi. 
These  polypi  are  not  covered  with  any  hard  fub- 
ftance  or  cafe  :  they  fix  to  rocks  or  any  folid  body. 
Two  genera  are  diftinguifhed. 

Genus 
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Genus  i .    Polypi  aqua  dulcis  ;  Hydra  L'innai. 

M.  Trembly  has  defcribed  thefe  fmall  animals  with 
great  accuracy.  They  are  formed  of  a  body  or  long 
tube,  at  the  extremity  of  which  is  a  dilitation,  which 
is  the  mouth.  The  fide  of  this  cavity  is  furrounded 
with  a  great  number  of  filaments,  or  contractile  move- 
able horns,  which  ferve  the  animal  for  catching  and  de- 
vouring its  prey.  This  author  has  diftinguifhed  feveral 
kinds  from  their  fize,  colour,  form  :  Such  is  the  poly- 
pus with  arms,  polypus  of  the  colours  of  the  pea- 
cock, &c. 

Genus  2.  Sea-Nettle. 

It  reprefents  a  truncated  conical  body,  flabby,  con- 
tractile, whofe  mouth  is  armed  with  horns  or  feet. 
Linnseus,  and  molt  part  of  the  naturalifts,  have  ranked 
them  among  the  zoophytes,  or  animals  which  referable 
plants  *. 

Sect.  II.  Polypi  in  cellulis  corneis,  Jive  quaji  Ugneis. 

The  character  of  the  polypi  of  this  fe&ion  is,  they 
adhere  to  the  branches  of  fubftances,  either  horny,  or 
flexible  and  fibrous,  as  young  twigs  of  trees  and  plants. 
Thefe  fubftances  were  comprifed  alfo  among  vegetables, 
down  to  Peyfonel,  Ellis,  Donati ;  who  have  proved 
that  they  really  belong  to  animals.  They  have  been 
called  zoophytes  on  account  of  their  form,  and  lythophy 
tes  on  account  of  their  hardnefs. 

Genus  1.  .Keratophytes,  or  Lithophytes,  properly  fo  called. 

It  is  a  polypus  frequently  elaftic,  formed  by  a  matter 

of 

*  It  has  been  nfual  ro  rank  the  cuttle-fifh  here  ;  but  their  more 
perfett  orgsnifation,  the  prefence  of  a  heart  and  a  ventricle,  obfer- 
ved  and  described  by  Swnmmerdam,  make  tbero  approach  the  times. 
M.  It  Cat  calls  the  cuttle  fifh  a  fifh-iniea.  It  is  a  fubitance,  in- 
deed, which  feems  to  hold  the  middle- rank,  and  to  ferve  as  a  paf- 
fagc  between  thefe  two  claffes  of  animals. 
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of  different  colours,  which  cuts  and  fufes  like  horn, 
polifhes  like  it,  and  burns  with  its  fmell.  Black  and  ar- 
ticulated coral  are  of  this  fort. 

Genus  2.  Sertularia  five  coraltina. 
Nothing  more  refembles  plants  than  this  produc- 
tion of  polypi.  M.  Ellis  has  given  a  description  of  a 
great  number  of  kinds  of  this  fubftance.  He  diftin- 
guilhes  them  into  four  families  ;  to  wit,  the  veficular, 
the  tubular,  the  cellular,  and  articulated.  The  two 
laft  families  feem  to  be  not  of  the  fame  horny  nature 
as  the  two  firft. 

.  Sect.  III.  Polypi  in  Cellulis  Cretaceis. 
This  kind  of  polypi  conftrudts  and  inhabits  folid  rami- 
fications of  a  various  form,  but  they  are  all  of  the  na- 
ture of  chalk.  They  are  in  general  more  voluminous 
than  the  former,  and  particularly  the  corallina.  The 
genera  which  compofe  this  fection  are  diftinguifhed, 
like  thofe  of  the  preceding,  by  their  habitation  ;  the 
animals  which  build  them  refemble,  for  the  moll  part, 
thofe  of  the  preceding,  viz.  they  are  fmall  contractile 
facs,  furnilhed  with  a  greater  or  lefs  number  of  feet  at 
their  extremity,  and  which  difFer  in  fize,  colour,  form, 
&c. 

Genus  1.  Cor  allium. 
The  coral  is  a  habitation  of  polypi,  hard  and  calca- 
reous, which  has  the  form  of  a  plant.  This  habitation 
is  formed  of  layers  ;  it  is  folid  only  in  the  middle ;  it 
is  covered  with  a  kind  of  bark,  pierced  with  a  great 
number  of  holes,  in  which  the  polypi  are  implanted. 
Three  or  four  kinds  of  coral  are  diftinguilhed  in  the 
fhops ;  the  red,  the  role,  the  white,  &c. 

Genus  2.  Madrepora. 
The  madrepore  differs  from  the  coral  in  its  having 
a  more  tender  texture  and  more  ftony  afpeft.  Befides, 
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its  furface  is  pierced  with  a  great  number  of  holes, 
which  penetrate  into  the  heart  of  the  calcareous  fub- 
ftance,  whild  thefe  holes  are  found  only  upon  the  bark 
of  the  coral,  and  the  bark  is  wanting  in  madrepores. 
The  ramified  form,  like  vegetation,  or  in  mafles  fimi- 
lar  to  mufhroms,  a  cap,  a  hand,  has  given  different 
names  to  madrepores.  The  belt  method  of  diftinguifh- 
ing  them,  confifts,  in  general,  in  the  characters  taken 
from  the  form  of  the  holes.  Dr  Pallas,  in  a  very  good 
work  upon  the  zoophytes,  intitled,  Elenchus  Zoopbyto- 
rum,  has  given  the  belt  divifions  of  marine  animal  pro- 
ductions whofe  form  imitates  that  of  vegetables. 

Sect  IV.  Polypi  in  cellulis  mollibus  et fpongiqfis. 

It  is  eafy  to  diflinguifh  the  polypi  of  this  fourth 
fection  from  thofe  of  the  two  preceding,  by  the  foft, 
flexible,  and  cellular  nature  of  their  habitations.  We 
are  acquainted  with  three  kinds  of  habitations  which 
feeni  to  belong  to  this  fection. 

Genus  i.  Efcarra. 
This  matter  is  known  by  its  fofter,  fometimes  friable, 
frequently  pliant  nature,  and  by  its  being  formed  of  very 
fine  celulke,  which  imitate  the  holes  and  the  texture  of 
a  wide  wrought  web  :  in  thefe  cells  the  polypi  lodge. 

Genus  2.  Spongia. 
The  texture  of  the  fpongia  is  as  if  parenchymatous, 
A  great  number  of  kinds  has  been  diftinguifhed  by 
the3 form  of  the  holes,  the  texture.  Their  figure  has 
made  them  get  different  names,  as  Pan's  flute,  wax- 
candle,  Neptune's  cup,  fea  agaric,  &c.  AW  the  cells  of 
the  fpongia  communicate,  and  they  ferve  as  the  habita- 
tion of  a  great  number  of  polypi. 

Genus  3.  Alcyonium. 
The  name  of  alcyonium  is  given  to  the  fpongy,  flefhy, 
•r  gelatinous  bodies,  irregularly  rounded,  which  lodge 
&  the 
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the  polypi  in  their  fubftance.  This  fingular  marine 
produ&ion  has  not  yet  been  rightly  examined :  it 
has  got  names  relatively  to  its  form  only ;  fuch  as  the 
fea-beet,  fea-wafp.  They  feem  to  be  the  laft  link  of  the 
chain  of  animals. 


LECTURES    LXI.  LXII. 

Of  the  Functions  of  Animals,  confidered  from  Man 
down  to  the  Polypi. 

THE  characlers  peculiar  to  living  and  organic  bo- 
dies are,  as  has  been  feveral  times  obferved,  the 
different  functions  performed  by  their  different  organs. 
We  have  confidered  them  in  vegetables  :  the  order 
which  we  have  adopted  likewife  requires  that  we  con- 
fider  them  in  animals. 

The  part  of  medicine  which  treats  of  the  functions 
of  animals  is  Phyfiology.  This  excellent  fcience  ought 
not  to  be  limited  to  man  alone :  it  fhould  be  extended 
to  all  animals :  and  under  this  point  of  view  we  fhall 
curforily  confider  it. 

The  functions  of  animals  may  be  reduced  to  the  fol- 
lowing : 

i . Circulation  ;  2.  Secretion  ;  3.  Refpi ration;  4. Di- 
geftion  ;  5.  Nutrition  ;  6.  Generation  ;  7.  Irritability; 
8.  Senfibility.  Thefe  different  functions  are  found  in 
man,  quadrupeds,  cetacea,  birds, fifties,  reptiles, infects: 
the  worms  and  polypi  poffefs  none  of  thefe  at  all,  and 
the  claffes  before  thefe  two  laft  do  not  poffefs  them  ia 
the  fame  degree. 

I.  Circulation  is  one  of  the  firfl  functions  ;  it  is  the 
fupport  of  life  :  when  it  ceafes,  the  animal  inftantly 
dies :  the  organs  which  prefide  over  it  are,  the  heart,  ar- 
teries, and  veins. 

The  heart  is  a  conical  mufcle  which  has  at  its  bottom 
two  cavities,  called  ventricles.    At  its  bafe  are  two  other 
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facs,  called  auricles.  From  the  left  ventricle  a  very  large 
artery  goes  out,  called  aorta,  which  diftributes  the  blood 
to  all  the  body  :  from  the  right  ventricle  another  artery 
alio  goesout  of  an  equal  fize,  called  pulmonary  artery, 
becaufe  it  is  ramified  in  the  lungs.  The  right  auricle 
receives  the  blood  in  its  return  from  the  whole  body  by 
the  two  venze  cavse :  this  fluid  pafles  into  the  right  au- 
ricle, from  thence  into  the  right  ventricle  ;  from  this 
laft  it  is  poured  into  the  lungs  through  the  pulmonary 
artery,  and  it  returns  by  the  pulmonary  veins  into  the  left 
auricle  ;  from  thence  it  paffes  into  the  left  ventricle, 
which  fends  it  through  the  whole  body  by  the  aorta. 
This  motion,  thus  going  on  in  man,  conftitutes  two 
kinds  of  circulation,  that  through  all  the  body,  and  that 
through  the  lungs :  this  laft  was  known  before  the  other ; 
the  general  circulation  was  discovered  by  the  celebrated 
Dr  Harvey  an  Englifli  phyfician. 

Among  the  quadrupeds,  the  cetacea,  and  birds,  th* 
function  is  the  fame  way  performed  as  in  the  man. 
Among  the  fifhes  the  heart  has  only  one  ventricle,  and 
the  lungs  or  gills  receive  no  blood  by  a  particular  cavity 
from  the  heart.  In  reptiles  it  is  performed  as  in  fifties. 
Infects  and  worms  have  a  heart  formed  of  a  fet  of  knots, 
which  contract  one  after  the  other  ;  their  veffels  are 
very  fmall ;  their  blood  is  cold  and  colourlefs.  The 
polypi  have  neither  heart  nor  veffels ;  they  are  lefs  per- 
fect than  vegetables  with  refpect  to  this  kind  of  func- 
tion. 

2.  Secretion  is  a  function  by  which  juices  are  fepa- 
rated  from  the  blood  in  the  different  organs  deftined 
for  particular  ufes,  as  the  bile  in  the  liver,  &c.  This 
function  is  one  of  the  moft  extenfive  in  all  animals :  it 
is  found  in  all  animals ;  but  it  is  impoffible  to  defcribe 
it,  without  entering  into  very  extenfive  details.  It  fhall 
therefore  fuffice  to  obferve,  that  in  all  animals  in  which 
there  is  a  true  circulation,  the  fecretion  follows  the  fame 
laws  as  in  man  ;  and  it  alfo  appears  to  be  performed  in 
the  moft  part  of  animals  which  have  no  heart.  Befides  the 
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analogy  which  fubfifts  neceffarily  between  man  and  the 
animals  which  poffefs  the  lame  organs  with  him  rela- 
tively to  this  function,  each  clafs  of  animals  prefents 
particular  fecretions  which  are  not  found  in  man;  fuch 
as  muik  and  civet  in  quadrupeds ;  fpermaceti  in  the 
cetacea  ;  the  oily  juice  deftined  to  cover  the  feathers  of 
birds  ;  the  poifonous  humour  of  the  viper ;  the  gluey 
fluid  of  the  fcales  of  fifhes  ;  .  the  acrid  juices  of  ants 
and  wafps  ;  the  vifcous  mucilage  of  fnails  ;  the  colour- 
ing juices  of  purflain,  and  a  great  number  of  others 
which  the  natural'hiftory  of  each  animal  makes  known* 

3.  Refpiration,  confidered  in  all  animals,  is  a  func- 
tion deftined  to  put  the  blood  into  contact  with  the  fluid 
which  they  inhabit :  man  and  quadrupeds  have  for  this 
purpofe  an  organ,  called  lungs.  This  vifcus  is  a  mafs 
of  hollow  veficles,  which  are  only  expanfions  of  a  mem- 
branous and  cartilaginous  canal,  called  trachea  arteria  ; 
and  of  blood -vefTels,  which  fpread  out,  forming  a  great 
number  of  little  holes  at  the  furface  of  the  bronchial  ve- 
hicles. Thefe  veficles  and  vefTels  are  fupported  by  a 
cellular  texture,  loofe  and  fpongy,  which  forms  the  pa- 
renchyma of  the  lungs.  The  air  diflends  thefe  veficles  in 
refipiration  :  the  pure  and  vital  portion  of  this  fluid  is 
abforbed  by  the  blood,  which  it  renews,  and  to  which 
it  gives  colour  and  concrefcibility.  The  air  which  is 
thrown  out  by  refpiration  is  impure  ;  it  troubles  lime- 
water  ;  it  reddens  the  tincture  of  tournfol ;  extinguifhes 
candles,  and  can  no  longer  ferve  another  refpiration. 

Among  the  cetacea  this  function  is  likewife  pe-form- 
ed  ;  only  as  there  is  an  immediate  communication  be- 
tween the  auricles,  the!?  animals  can  remain  fome  time 
:without  refpiring. 

Though  the  refpiration  of  birds  be  analogous  to  that 
of  the  preceding  animals,  this  function  feems  to  be  much 
more  extenfive  in  them.  Indeed,  anatomifts  have  dif- 
fered in  the  belly  of  birds  fpongy  veficular  organs 
which  communicate  with  their  lungs,  and  thefe  laft  open 
iuft  into  the  bones  of  the  wings,  which  are  hollow  and 
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without  marrow,  by  a  canal  placed  above  the  bread, 
which  opens  into  the  upper  part  and  fwell  of  the  os  humeri. 
This  pretty  difcovery,  made  by  M.  Camper,  mows  us,  that 
the  air  paries  from  the  lungs  of  bird*  into  the  bones  of 
the  wings ;  and  that  this  fluid,  rarefied  by  the  heat  of 
their  bodies,  renders  them  very  light,  and  Angularly 
promotes  their  flight. 

Filhes  have  gills.or  bronchia  inftead  of  lungs :  thefe  or- 
gans are  formed  of  membranous  fringes,  placed  upon  a 
-bony  arch,  and  full  of  blood-veffels.  The  water  enters  by 
the  mouth  of  the  fifties ;  it  pafles  acrofs  the  fringes,  which 
feparate  from  one  another ;  it  fqueezes  and  agitates 
the  blood ;  and  it  goes  out  again  by  openings  placed  at 
the  lateral  and  pofterior  parts  of  the  head,  upon  which 
two  mvoeable  bony  pumps  are  placed,  called  lids,  and 
fupported  by  the  bronchial  membrane.  Duverney 
thought  that  the  bronchias  feparated  the  air  contained 
in  the  water.  M.  Vicq  d'Azir,  who  fo  fuccefsfully  ftu- 
died  comparative  anatomy,  and  in  particular  that  of 
fifties,  fuppofes  that  the  water  does  the  office  of  air  in 
the  bronchias  of  thefe  animals. 

Infects  and  worms  have  no  lungs :  they  have  canals 
or  trachea  placed  all  along  the  back ;  upon  which,  on 
each  fide,  other  fmaller  canals  border,  which  terminate  at 
the  lateral  part  of  each  ring  by  a  fmall  fibre  called  fligma. 
The  ftigmata  are  defigned  for  refpiring  the  air  and  ex- 
piring it.  When  they  are  covered  with  oil,  the  infect 
iuffers  greatly  :  it  turns  convulfed,  and  dies.  Worms 
have  a  ftill  more  perfect  organifation.  No  kind  of  re- 
fpiration  is  fenfible  in  the  polypi,  which  are  lefs  perfed 
in  this  function  than  vegetables,  in  which  we  have  found 
tracheae. 

4.  Digeftion  is  the  feparation  of  the  nourifhing  mat- 
ter contained  in  the  aliments;  and  its  abforption  by 
particular  veflels  called  chyliferous  ;  it  goes  on  in  a  ca- 
nal continued  from  the  mouth  to  the  anus,  and  this 
canal  is  fwelled  out  near  about  the  top  of  the  abdomen. 
This  fwelling  is  called  the  Jlomach.    The  alimentary 
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canal  then  follows :  it  is  twilled  to  different  fides,  and 
is  called  inteflines.  This  long  tube,  which  is  formed  of 
mufcles  and  membranes,  is  defigned  to  retard  the  ali- 
ments, fo  as  to  extract  all  the  nourifhingfubftance  which 
they  contain.  There  are,  befides,  in  the  neighbourhood 
of  the  ftomach,  other  glandular  organs,  whole  office  is 
to  prepare  fluids  proper  for  ftimulating  the  ftomach  and 
interlines,  and  for  extracting  the  nourifhing  part  of  the 
food  ;  thefe  are,  the  liver,  the  fpleen,  and  the  pancreas  : 
the  bile  and  pancreatic  juice  flow  into  the  firfl:  inteftine, 
called  duodenum^  and  are  mixed  with  the  aliments,  to 
which  they  communicate  an  animal  character,  which  af- 
fimilates  them  to  the  humours. 

All  the  paflage  of  the  firfl  interlines  is  filled  with 
vafcular  mouths,  deflined  to  forward  the  chyle.  Thefe 
veffels carry  it  into  thejlumbar  refervoir,  into  the  thoracic 
canal,  and  the  chyliform  fluid  is  carried  into  the  left 
fubclavian  vein,  in  which  it  mixes  with  the  blood.  Such 
are,  in  few  words,  the  mechanifm  and  phenomena  of 
digeftion  in  man. 

Quadrupeds  differ  greatly  in  the  form  of  their  teeth, 
ftomach,  and  inteflines.  There  are  fome  of  thefe  ani- 
mals which  have  no  teeth  at  all ;  as  the  ant,  which  eats 
only  foft  aliments  :  others  have  only  dentes  molares, 
as  the  tatou:  fome,  as  the  elephant  and  fea-cow,  have 
molares  and  canini :  laflly,  molt  of  them  have  three 
kinds  of  teeth,  molares,  canini,  and  incifivi ;  but  their 
number,  pofition,  and  ftrength,  vary  prodigioufly.  "What 
is  mod  aftonifhing  in  this  different  flructure  of  the  teeth 
is,  that  there  is  a  conflant  relation  between  the  number 
and  pofition  of  the  teeth  and  the  form  of  the  ftomach, 
according  to  the  remark  of  Ariftotle  and  Galen.  In- 
deed, all  quadrupeds  which  have  dentes  incifivi  in  both 
jaws,  as  the  horfe,  the  ape,  the  fquirrel,  the  dog,  the 
cat,  have  only  a  membranous  ventricle,  like  man.  A- 
natomifts  call  ,  thefe  animals  monogaftrhi ;  digeftion  is 
performed  entirely  in  the  fame  manner  in  them  as  in 
man.    The  quadrupeds  which  have  dentes  incifivi  only 
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in  the  lower  jaw  are  the  polygaflric  and  ruminant ;  the 
camel,  camel-opardalis,  ram,  goat,  ox,  ftag,  and  kid. 
Thefe  quadrupeds  are  generally  bifuici,  and  armed  with 
horns.  They  all  have  four  ftomachs.  The  firft.  is  called, 
in  the  ox,  the  paunch,  the  receiver  of  the  herbs :  it  is  the 
greateft,  and  divided  into  four  other  facs :  it  receives  the, 
aliment  at  the  fame  time  with  the  fecond,  which  opens 
into  the  paunch  by  a  large  orifice :  the  herbaceous  ali- 
ments contained  in  thefe  organs  dilate,  the  air^is  rare- 
lied  in  them  :  they  ftimulate  the  nerves  of  thefe  vifcera, 
and  produce  an  antiperistaltic  motion,  which  drives 
them  up  into  the  cefophagus  and  mouth,  where  they 
are  again  chewed  by  the  dentes  molares :  reduced  into  a 
kind  of  foft  pafte  by  this  operation,  they  are,  as  a  fluid, 
carried,  by  a  new  deglutition,  into  the  third  ftomach, 
the  manyplies,  the  omafus,  by  means  of  a  half-hollowed 
canal  from  the  osfophagus  to  this  ventricle  :  laftly,  they 
foon  pafs  from  hence  into  the  fourth  ftomach,  where 
they  undergo  true  digeftion.  The  inteftines  of  rumi- 
nating animals  are  alio  far  more  extenfive  than  thofe  of 
monogaftric  quadrupeds.  The  cetacea  referable  en- 
tirely thefe  laft  in  the  mechanifin  of  this  function  *. 

The 

*  The  mufcular  ftru&ure  of  tlie  cefophagus  of  herbivorous  ani- 
mals is  very  evident,  which  we  find  to  terminate  ju(t  where  two  facs 
or  ftomachs  unite,  the  largeft  of  which  is  on  the  left  fide  :  it  has  a 
very  curious  (trutlure  ;  we  difcover  in  it  a  number  of  round  papillae, 
which  increafe  the  furface  of  it  greatly.  We  call  it  the  venter,  ven- 
triculus,  or  ingluvies,  which  may  be  compared  to  the  croop  of 
birds.  The  fecond  ftomach  has  ftill  a  more  curious  ftru&ure,  re- 
fcmbling  very  much  a  fed  ion  of  a  honeycomb,  which  is  perhaps  a 
very  good  name  for  it.  This  leads  us  to  the  third  (tomach  ;  in  which 
we  find  a  number  of  beautiful  proceffes,  and  on  every  one  of  them  a 
number  of  pspillae  ;  or  we  find  a  number  of  plicae,  and  hence  the 
belt  name  many plies.  Now,  the  laft  ftomach  refembles  our  own 
much  more  nearly  than  any  of  the  reft  does  ;  it  has  a  number  of  val- 
vular conniventes,  difpofed  longitudinally,  and  which  are  more  re- 
markable here  than  in  man  :  then  this  ends  in  the  pylorus. 

Every  perfon  may  recoiled  what  probably  they  may  have  feen, 
that  a  cow  or  flieep,  after  feeding  a  certain  time,  commonly  lies 
down,  and  appears  ftill  to  be  eating  or  chewing  ;  aad  a  ball  18  ob- 
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The  birds  differ  from  one  another  in  the  ftrufture  o 
their  ftomach ;  fome  are  membranous,  others  flefhy  o 
mufcular.    The  firft,  called  hymenogaflric,  are  carnivof 
rous.    The  fecond,  which  defer ves  the  name  of  myo 
ga/Iric,  live  only  on  grains :  their  ftomach  is  formed  o 
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ferved  to  afcend  and  to  defcend  alternately  in  the  throat.  The  crea- 
ture makes  an  effort  ;  the  ball  rife3  ;  then  chewing  a  certain  time, 
it  fwallows  the  ball ;  and  the  motion  is  fo  rapid,  that  the  eye  fcarce- 
ly  follows  the  ball. 

The  auimal  then  takes  in  a  fufficient  provifion,  receives  it  into 
the  firft  ftomach,  which,  after  having  lain  there  a  certain  time,  it  is 
brought  from  thence  up  into  the  mouth  ;  we  rami  fuppofe  it  re- 
turns, not  into  the  fame,  but  into  the  fecond  ftomach,  from  the  fe- 
cond into  the  third,  and  from  this  into  the  fourth.  When  drink  is 
taken,  we  do  not  obferve  that  the  animal  receives  the  drink  into  the 
firft  ftomach,  brings  it  up  to  the  mouth,  and  fo  back  again  ;  but 
taking  a  large  quantity,  it  fills  the  firft  ftomach,  and  makes  it  pafs 
by  degrees  into  the  reft  ;  and  a  calf  does  the  fame  with  milk.  Nay, 
it  may  run  directly  from  the  oefophagus  along  the  guttter  into  the 
fourth  ftomach. 

Now  we  fee  at  once  the  intention  of  nature  in  bellowing  fo 
many  ftomachs ;  it  is  to  enable  the  animal  to  convert  the  moft 
grofs  parts  of  vegetables  into  aliment,  that  nothing  mny  be 
loft.  The  dung  of  a  horfe,  which  does  not  ruminate,  is  a  much, 
richer  manure  than  the  dung  of  a  cow,  from  which  the  nutritious 
part  is  more  thoroughly  extracted.  But  we  apply  this  farther  ia 
phyfiology.  We  have  the  cleared  proof  of  a  living  principle,  fupe- 
rior  to  reafon  and  experience,  operating  upon  the  active  parts  of  ani- 
mals. We  fee  the  ftomach  acting  in  various  ways,  according  to  the 
utility,  without  the  animal  knowing  more  of  its  inward  make  than 
we  do.  It  i9  evident  that  every  ftomach  po defies  a  different  organi- 
fation  ;  and  the  conclufion  to  be  hence  inferred  is,  that  the  liquors 
from  the  mouth  and  ftomach  ought  not  to  be  conceived  as  fcrving 
merely  for  dilution,  but  that  they  aft  as  menftrua  ;  for  if  a  greater 
extent  of  furface  alone  was  necedary,  the  fame  ftru&ure  would  fcrve 
in  all  ;  but  in  every  ftomach  a  certain  operation  is  performed  by  in 
liquor,  as  a  menftruum.  Pieces  of  bones  fwallowed  by  animals  are 
Big  cited,  and  fcarcely  any  veftige  of  them  is  to  be  afterwards  found  : 
hence  we  may  imagine,  that  the  action  of  the  ftomach  is  much  more 
complex  than  it  has  hitherto  been  fuppofed. 

We  obferve,  that  the  alimentary  canal  of  the  herbivorous  animal 
«8  much  longer  than  that  of  the  carnivorous  ;  fo  further  change* 
need  to  be  made,  to  render  the  food  like  to  the  conftilution  of  the 
animal,  and  fafe  to  be  received ;  and  the  changes  happening  in  the 
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a  quadrigaftric  mufcle,  inverted  with  a  hard  and  thick 
membrane  proper  for  trituration.  Thefe  birds  alfo  have 
a  double  caecum. 

Fifties  have  a  membranous  ftomach,  long,  furnifhed 
with  feveral  appendices :  their  inteftines  are  in  general 
fhort.  We  find  a  liver,  but  no  pancreas.  Reptiles  pre. 
fent  the  fame  ftru&ure :  their  ftomach  is  diftended  in  a 
wonderful  manner.  Serpents  are  obferved  to  fwallow 
animals  which  are  often  larger  than  themfelves. 

Infects  have  a  ftomach  and  inteftines  fully  organifed. 
Swammerdam  and  Perrault  fay,  that  the  mole  has  four 
ftomachs :  it  is  a  ftomach  fwelled  and  divided  into  four 
facks,  as  we  may  be  convinced  by  diffe&ion.  Worms 
have  a  very  irregular  ftomach  ;  fmall  inteftines  are  alfo 
found.  The  polypus  feems  to  be  only  a  ftomach,  for  it 
digefts  very  quickly  :  the  fame  opening  ferves  for  a 
mouth  and  an  anu? 

5.  Nutrition  is  a  continuation  of  digeftiwn  and  circu- 
•  lation :  the  folids  always  lofing  by  the  motion  which 
they  perform,  mult  be  repaired  5  and  they  are  fo  by  nu- 
trition. 

lad  part  of  the  canal  are  neceffary  for  the  crude  nature  of  the  ali- 
ment in  the  upper  end  ;  and  we  are  yet  far  from  knowing  the  power 
of  the  inteftinum  cascum.  In  the  human  body,  it  may  be  confider- 
ed  as  an  organ,  chiefly  for  preparing  a  flimy  matter;  but  in  many 
animals,  efpccially  thofe  living  folely  upon  herbs,  we  find  it  of  a 
very  great  fize,  nearly  equal  to  the  diameter  of  the  ftomach  itfelf: 
in  the  bat,  it  is  to  the  feel  larger  than  the  ftomach  ;  fo  a  very  great 
deal,  in  every  part  of  digeftion,  ftill  remains  to  be  difcovered  by  ex- 
periment. 

The  nourifhment  is  abforbed  here  as- in  man,  and  conducted 
through  the  la&eals  into  the  mefeuteric  glands :  and  the  only  cir- 
cumftance  here  is,  that  the  feveral  glands  are  collected  near  the  root 
of  the  mefentery,  which  is  more  tranfparent  than  in  us,  the  fat  fol- 
lowing the  courfe  of  the  principal  veflels. 

After  the  lafteals  have  paffcd  through  thefe  glands,  they  proceed 
in  the  ufual  manner  upwards,  till  the  nourimment  gets  into  the  cir- 
culating mafs;  though,  after  it  gets  there,  we  can  ftill  fee  it  float- 
ing upon  the  furface  of  the  blood  for  fome  time :  fo  that  authora 
/  who  have  fuppoftd  that  the  lungs  and  other  organs  contribute  much 
to  the  mixture  of  the  chyle  with  the  blood,  though  proceeding  on 
conjecture,  have  really  propofed  true  opinions. 
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trition.  In  the  firfl  age  of  life,  they  acquire  fize>  and 
the  animal  grows  larger.  Generally  the  cellular  texture 
is  confidered  as  the  organ  of  this  function,  and  tfie 
lymph  as  the  humour  adapted  to  repair  the  folids. 
However,  it  appears,  that  each  organ  is  nourifhed  with 
a  proper  and  particular  matter,  which  it  feparates,  ei- 
ther from  the  blood,  the  lymph,  or  any  other  fluid 
which  moiftens  it.  For  example,  the  mufcles  are  nou- 
rifhed from  the  fibrous  matter  which  they  feparate  from 
the  blood :  the  bones  extract  a  calcareous  phofphoric 
fait  and  a  lymphatic  matter :  the  pure  lymph  is  dried 
into  plates  in  the  cellular  texture;  the  concrefcible  oil 
is  depofited  in  thefe  plates,  to  give  rife  to  the  fat :  each 
vifcus,  then,  has  its  particular  manner  of  being  nou- 
rifhed, and  the  nutrition  of  each  of  them  is  a  true  fe- 
cretion.  Quadrupeds  and  the  cetacea  refemble  man 
perfectly  in  this  function :  the  fame  thing  happens  alfo 
among  birds  :  in  fillies  it  is  performed  lefs  quickly  ;  on 
that  account  thefe  animals  live  a  very  long  time,  and 
even  the  age  of  fome  is  not  known ;  in  general,  the 
flower  the  nutrition  and  growth,  the  longer  the  life. 

Infects  have  nothing  particular  in  this  function  ;  only 
they  grow  folely  under  the  form  of  larvae,  and  not  in  the 
form  of  chryfalides  and  perfect  infects.  Swammerdarrt 
and  Malpighi  have  demonftrated,  that  the  larva  con- 
tains, under  feveral  fkins,  the  perfect  infect  ready  form- 
ed :  the  caterpillar  alfo  contains  the  butterfly,  whofe 
wings  and  feet  are  folded  back. 

In  the  worms  and  polypi,  nutrition  is  performed  in 
the  cellular  texture ;  it  is  done  alfo  in  the  fame  way  in 
vegetables,  by  means  of  the  reticular  and  veficular  tex- 
tures. 

6.  Generation,  confidered  in  all  animals,  is  perform- 
ed in  many  different  ways  :  the  molt  require  coition, 
and  poflefs  two  diflinct  fexes ;  fuch  are  man,  quadru- 
peds, and  cetacea. 

Female  quadrupeds  have  a  matrix,  feparated  into  two 
cavities,  uterus  bicornis,  and  dugs  in  a  greater  number ; 

they 
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they  are  not  fubjecled  to  the  menftrual  flux ;  the  moft 
of  them  bring  forth  feveral  at  a  birth  ;  their  geftation 
continues  a  fhorter  time :  feveral  have  a  particular  mem- 
brane, deftined  to  receive  the  urine  of  the  foetus ;  this 
membrane  is  called  the  alantoides . 

The  generation  of  birds  is  very  different :  the  males 
have  a  very  fmall  genital  organ  without  a  cavity  ;  it  is 
often  double.  Among  the  females,  the  vagina  is  pla- 
ced behind  the  anus :  thefe  are  ovaria  without  matrices, 
and  a  canal,  deftined  to  convey  the  egg  from  the  ova- 
rium into  the  intefline ;  this  is  called  oviduflus.  The 
egg  of  the  chicken,  fecundated  and  not  fecundated,  has 
prefented  facts  unattended  to  by  phyfiologifts  who  have 
examined  the  phenomena  of  incubation.  Malpighi  and 
Haller  are  the  only  perfons  who  have  made  important 
difcoveries.  The  laft  found  the  chick  ready  formed  in 
eggs  not  fecundated. 

Among  fifties  there  is  no  decided  proof  of  coition:  the 
female  depofites  its  eggs  upon  the  fand  ;  the  male  paffes 
over  them,  and  ejects  upon  them  his  feminal  liquor,  un- 
doubtedly requifite  to  fecundate  them.  Thefe  eggs  then 
hatch  in  a  certain  time. 

The  moft  part  of  male  reptiles  have  a  double  or  fork- 
ed organ :  thefe  animals  are  oviparous,  except  the 
viper. 

Infects  themfelves  alone  prefent  all  the  varieties  to 
be  found  among  other  animals.  Some  have  two  fepa- 
rate  fexes  in  two  feparate  individuals;  it  is  even  the 
greateft  number.  Others  produce  with  or  without  co- 
ition, as  in  the  vine-fretter :  one  of  thefe  infects,  con- 
tained alone  under  a  glafs,  produces  a  great  number 
of  others.  M.  Bonnet  has  fully  proved  this  fact  by  ex- 
periments repeated  with  the  greateft  attention.  The  or- 
gan of  the  males  is  contained  in  the  belly;  it  is  made 
to  come  out  by  preffing  {lightly  upon  the  extremity  of 
this  part :  it  is  generally  furnithed  with  two  crotchets, 
defigned  to  feize  upon  the  female.  The  place  of  this 
organ  is  very  various :  in  fome,  it  is  at  the  top  of  the 
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belly  and  before  the  breaff,  as  in  the  female  of  the  li- 
bellula  ;  at  other  times,  it  is  at  the  end  of  the  antenna, 
as  in  the  male  fpider.  Infects  multiply  prodigioufly  : 
they  are  almoft  all  oviparous,  except  the  wood-loufe. 

Infects  are  produced  like  men :  each  individual  has 
two  fexes ;  and  the  coition  is  double,  as  is  obferved  in 
the  earth-worm  and  mail. 

M.  Adanfon  adds,  that  the  bivalves,  animals  in  coc- 
kles or  fhells,  have  no  organs  of  generation,  and  repro- 
duce their  young  without  coirion  :  thefe  worms  are  vi- 
viparous. The  univalves,  or  fnails,  are  oviparous ;  the 
young  having  come  out  either  from  the  belly  of  the 
mother  or  from  the  eggs,  have  their  fhell  ready  formed. 

The  polypi  are  the  moft  fmgular  animals  in  the  act 
of  generation ;  they  produce  by  flips :  from  every  po- 
lypus in  full  vigour  a  button  is  feparated,  which  at- 
taches itfelf  to  any  neighbouring  body,  and  grows  upon 
it :  polypi  are  alfo  formed  at  their  furface,  as  branches 
which  produce  trunks  of  trees. 

In  generation,  only  the  phenomena  are  known  ;  and 
all  the  fyftems  which  have  been  invented  to  explain 
the  myflery,  always  prefent  unfurmountable  difficulties: 
they  are  found  collected  in  Haller's  Phyfiology,  la  Venus 
Fhyfique  de  Maupertuis,  BufFon's  Natural  Hiftory.  M. 
Bonnet  is  one  of  the  naturalifts  who  has  faid  moft  upon 
the  fubject,  in  his  Confiderations  upon  Organifed  Bodies. 
M.  le  Count  de  BufFon  has  offered  an  ingenious  fyflem  ; 
and  his  work  ought  to  be  confulted. 

7.  Irritability  is  the  property  which  certain  organs, 
called  mufcles,  have  of  contracting,  that  is,  of  fhorten- 
ing  by  the  impreffion  of  a  ftimulus.  M.  Haller  has 
treated  excellently  of  this  doctrine.  The  mufcles  of 
man,  of  quadrupeds,  cetacea,  and  birds,  refemble  one 
another :  they  are  all  equally  red,  formed  of  fibres  uni- 
ted in  bundles  of  different  forms,  covered  and  furnifh- 
ed  with  argentine  membranes  called  aponeurofes,  termi- 
nated by  flat  roundifh  firings  called  tendons. 

Among 
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Among  the  fifties  the  mufcles  are  white,  and  much 
more  irritable  than  thofe  that  are  red.  In  reptiles,  irri- 
tability is  ftill  ftronger  and  more  tenacious  ;  it  conti- 
nues a  long  time  after  the  death  of  the  animal ;  which 
appears  to  be  common  to  all  animals  whofe  blood  is 
cold,  whilft  the  hot-blooded  lofe  this  property  as  the 
blood  cools. 

Infects  have  their  mufcles  placed  in  the  heart  of  thin 
bones,  which  are  hollow,  and  of  the  nature  of  horn. 
This  ftructure  may  be  very  well  obferved  in  the  large 
green  locuft,  or  in  the  lobfter. 

The  mufcles  of  worms  are  very  pale  and  irritable ; 
they  are  even  very  ftrong,  particularly  in  the  worms 
with  coverings,  which  have  a  weighty  fhell  to  move. 

The  polypi  are  very  irritable  ;  they  contract  into  one 
point  j  they  move  their  arms  with  a  fingular  agility  ; 
they  fold  them  back  very  readily.  Their  ftructure,  how- 
ever, does  not  appear  to  be  mufcular.  It  is  irritability 
which  gives  animals  the  power  of  tranfporting  them- 
felves  from  one  place  to  another,  and  of  performing  a 
great  number  of  motions,  in  order  to  felect  the  hurtful 
things,  and  to  procure  for  themfelves  thofe  that  are  ufe- 
ful.  In  the  hiftory  of  this  function,  then,  thefe  motions 
ought  to  be  confidered;  ftanding  and  walking,  jumping, 
flight,  the  pace  of  reptiles,  fwimming,  are  fo  many  com- 
bined actions  or  refults  of  mufcular  contractions  proper 
to  each  clafs  of  animals.  A  full  explanation  of  the  caufe 
of  ftanding  would  require  the  examination  of  the  mufculi 
extenfores  of  the  human  thigh.  For  leaping,  we  require 
the  examination  of  the  extremities,  the  form  of  the  body, 
the  long  and  acuteface,  and  the  thorax  of  quadrupeds, late- 
rally compreffed  ;  for  flying,  the  ftructure  of  the  feathers 
of  the  fternum,  pectoral  mufcles,  the  bill,  and  the  tail,  and 
the  inner  texture  of  the  bones  ofbirds.  For  this  purpofe, 
it  would  be  necefTary  to  confider  in  detail  the  mufcular 
rings,  the  fcales  or  tubercles,  which  ferve  reptiles  inftead 
of  feet ;  the  form  of  the  body,  the  ftructure  of  the  fins, 
that  of  the  air-bladder,  and  its  communication  with  the 
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ftomach,  in  fifhes.  In  infefts,  the  ft rufture,  the  number 
•and  pofition  of  the  feet,  the  appendices  of  the  tarfi,  the 
form,  pofition,  and  nature  of  the  wings,  of  the  balancers. 
At  prefent  it  is  fufficient  to  have  mown  the  importance 
of  thefe  confiderations,  and  thofe  which  merit  in  parti- 
cular the  attention  of  phyfiologifts. 

Laftly,  there  is  a  reflection  which  appears  to  me 
to  have  been  made  improperly  ;  it  is,  that  a  mufcle 
may  be  confidered  as  a  fecretory  organ,  deftined  for  the 
feparation  of  the  fibrous  and  irritable  matter,  which  we 
mall  take  notice  of  again  in  another  place,  and  that  the 
vitiated  ftate  of  this  fort  of  fecretion  mould  be  obferved 
molt  attentively  by  phyficians.  We  (hall  refume  the 
confideration  of  this  fubjeft  when  we  come  to  the 
blood. 

8.  Senfibility  is  a  function,  by  means  of  which  animals 
fuffer  the  fenfations  of  pleafure  and  pain,  according  to>- 
the  nature  of  the  bodies  which  are  in  contact  with  thefe 
organs.  The  fenfes  depend  upon  the  brain,  the  medul- 
la oblongata,  or  fpinal  marrow,  and  the  nervous  cords', 
or  pairs  of  nerves,  which  divide  into  a  great  number 
from  thefe  three  foci.  Without  thefe  organs  they  can 
have  no  fenfibility. 

In  order  to  extend  the  mechanifm  of  this  function, 
thefe  organs  may  be  divided  into  three  regions,  which 
are  continued,  and  feem  to  be  only  one,  which  phyfio- 
logifts have  called  the  fenfible  man.  Thefe  three  regions 
are,  the  focus,  comprifed  in  the  brain,  cerebellum,  and 
medulla  oblongata ;  the  middle  part,  orcommun  ication 
which  points  out  the  nervous  cords ;  and  the  fenfitive 
cxpanfion,  or  the  dilated  expanfion  of  the  nerves.  This 
extremity  or  expanfion  prefents  a  various  form  in  dif- 
ferent organs ;  fometimes  it  is  cellular  and  reticular,  as 
the  ftomach  and  inteftines ;  fometimes  it  is  foft  and 
pulpy,  as  the  bottom  of  the  eye  and  the  labyrinth  of  the 
internal  ear ;  then  it  prefents  the  form  of  papillae,  as 
under  the  Ikin,  upon  the  tongue,  the  glans  penis; 
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there  it  is  expanded  into  long,  foft,  and  flat  filaments, 
as  upon  the  nafal  membrane  of  Schneider. 

The  brain  of  man  is  the  nioft  voluminous  and  moft 
iprrganifed  :  hence  the  caufe  of  its  intelligence.  Among 
quadrupeds  it  is  much  fmaller :  in  recompenfe,  the 
nerves  are  more  fenfible,  and  the  fenfations  more  acute, 
particularly  that  of  fmell,  whofe  organ  is  very  dilated, 
and  as  if  multiplied  by  the  number  of  the  ethmoidal 
lamina?.  The  {kin  being  thick  and  covered  with  hair, 
carries  off  the  fenfibility,  and  deftroys  the  touch.  The 
tafte  is  very  nice  among  animals.  The  ear  prefents  the 
fame  apparatus  as  that  of  man.  The  cetaceahave  almofl: 
no  brain  relatively  to  the  mafs  of  their  bodies :  this  or- 
gan is  encircled  with  an  oily  thick  fluid  :  their  fenfations 
are  obtufe. 

The  brain  of  birds  has  not  the  fame  ftruclure  and 
the  fame  apparatus  of  folds,  eminences,  and  concavi- 
ties, with  that  of  man  and  quadrupeds.  The  beautiful 
ftrufture  of  the  eyes  of  thefe  animals,  their  largenefs, 
the  thick  and  cartilaginous  tunica  fclerotica,  the  inner 
eye-lid,  membrana  nictitans,  moved  by  particular 
mufcles,  the  cryftalline  and  vitreous  humours,  the  bag 
of  black  matter  contained  in  the  extremity  of  the  optic 
nerve,  the  brilliant  covering  of  the  choroid ;  all  thefe 
announce  a  complete  organifation ;  a  care  taken  by  na- 
ture to  render  the  fight  of  birds  piercing,  and  withal 
to  enable  them  to  difcern  at  a  diftance  their  prey,  and 
to  fliun  the  dangers  which  the  rapidity  of  their  flight 
might  expofe  them  to;  in  a  word,  to  favour  their  agi- 
lity and  mobility,  which  feem  to  form  the  divifion  of 
thefe  animals.  The  fenfe  of  hearing  is  lefs  perfect  than 
their  fight :  they  feem  to  (how  only  a  fmall  fenfibility  to 
the  fmell  and  tafte  of  aliments  :  the  fituation  of  the  no- 
ftrils,  and  the  hard  membrane  which  covers  the  bill, 
fully  explain  thefe  phenomena. 

Among  reptiles  fenfibility  is  very  fmall.  The  brain 
is  very  inconfiderable  ;  the  nerves  have  no  ganglions ; 
the  fenfes  appear  in  general  lefs  active,  although  the 
I  eye- 
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eye  and  internal  ear  prefented  a  very  beautiful  organi- 
fation  to  Meflrs  Klein,  GeofFroy,  and  Vicq  d'Azir. 

Fifties  have  a  very  fmall  brain,  and  their  cranium  is 
filled  with  an  oily  mafs :  their  fenfes,  and  particularly 
1  their  fight  and  hearing,  are  very  delicate.  The  la  ft  of 
i  thefe  organs  is  very  well  conformed,  as  Meflrs  Geof- 
froy, Klein,  Camper,  and  Vicq  d'Azir,  have  obferved. 
The  naturalifts  who  imagined  that  fifties  were  deaf,  are 
therefore  much  miflaken. 

Infects  have  no  brain,  but  a  medulla  oblongata,  cy- 
i  lindrical,  and  full  of  knots,  which  pervade  the  whole  of 
their  body. 

From  this  medulla  moot  nervous  filaments,  which 
accompany  the  divifionof  the  trachea;  only  the  eyes  of 
!  infects  are  known.    Swammerdam  has  defcribed  an 

l 

:  optic  nerve,  which  is  divided  under  the  cornea  of  the 
I  eyes  like  a  net-work,  into  as  many  filaments  as  there 
j  are  facets  in  this  membrane.    It  is  uncertain  if  they 

i  have  any  organ  of  hearing. 

Almoft  no  more  traces  of  the  fenfible  organ  are  to 
:  be  found  in  the  worm.  Swammerdam  has  found  a 
\  brain  with  two  lobes,  and  moveable  in  the  fnail ;  two 
1  eyes,  placed  either  at  the  bafe  or  at  the  point  of  the 
I  tentacula,  and  the  contractile  optic  nerve,  as  well  as 
t  thefe  kinds  of  horns.    M.  Adanfon  fays,  that  in  worms 

ii  the  eyes  are  fometimes  awanting,  or  that  they  are  co- 
!  vered  with  an  opaque  (kin. 

As  to  the  polypi,  they  have  no  organ  of  fenfe,  tho* 
they  feem  to  feek  for  the  light. 

Senfibility,  then,  is  the  function  which  is  imparted 
to  man  in  a  much  greater  degree  than  to  all  the  other 
animals.  It  is  that  which  diftinguifh.es  and  places  him 
at  their  head.  This  function  ought  to  be  underftood 
at  large,  by  the  legiflator,  philofopher,  and  phyfician. 

LEC 
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LECTURE  LXIII. 

Of  the  Chemical  Analysis  //Animal  Substances. 

THE  analyfis  of  animal  fubftances  is  the  moft  diffi- 
cult  and  lead  advanced  part  of  chemiftry :  An. 
cient  chemifts  were  content  with  diftilling  thefe  fubftan- 
ces in  a  naked  fire ;  but  we  now  know  that  this  opera- 
tion alters,  and  diverts  entirely  of  their  nature,  the  fo 
compounded  bodies  as. the  fluid  or  folid  animal  fubftan- 
ces are :  only  a  few  of  the  humours  in  man,  and  of 
certain  quadrupeds,  have  been  analyfed. 

Many  reafons  have  been  advanced  againft  the  pro- 
grefs  of  this  branch  of  chemiftry :  the  difficulty  and 
difagreeablenefs  of  thefe  labours;  the  few  refources 
which  fcience  affords,  in  treating  of  the  animal  fubftances, 
without  their  undergoing  confiderable  changes ;  the 
impoflibility  of  effecting  the  moft  diftant  fynthefis,  in 
endeavouring  to  reproduce  thefe  fubftances  ;  and  in 
particular  the  fmall  intereft  which  the  moft  chemifts, 
when  not  phyficians,  have  hitherto  had  in  the  know- 
ledge which  this  analyfis  might  furnifh  ;  thefe  make  the 
principal  motives  which  have  ftopt  the  progrefs  -of  this 
fubjecl:.  Neverthelefs,  the  refearches  of  fome  moderns, 
particularly  MefTrs  Rouelle,  Macquer,  Bucquet,  Poul- 
letier  de  la  Salle,  Berthollet,  Prouft,  Scheele,  and 
Bergman,  have  difcovered  a  new  fcene,  and  announce, 
that  the  healing  art  may  reap  confiderable  advantages 
from  this  kind  of  inveftigation. 

The  bodies  of  the  principal  animals,  fuch  as  man 
and  quadrupeds,  which  we  attend  to  in  particular,  arc 
formed  of  fluids  and  folids.    The  humoijrs  of  animals^ 
are  diftinguifhed  into  three  claffes,  relatively  to  tlg^* 
ufe.    The  firft  comprehends  the  recrementitial  hu- 
mours, deftined  for  the  nourifhment  dfMbme  organs :  • 
the  fecond  comprehends  the  excrementitial  humours, 
which  are  eje&ed  from  the  body  by  certain  emuncto- 
i  ries, 
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Ues,  as  if  ufelefs,  and  fufceptible  even  of  hurting, 
iKoo  long  retained.  In  the  third,  the  humours  are 
ranked,  which  contain  the  two  preceding,  and  of  which 
a  part  is  jxcrementitial  and  a  part  excrementitial.  The 
firlt  are/the  blood,  lymph,  gelatinous,  fibrous,  or 
glutinous  parts,  the  fat,  marrow,  matter  of  inter- 
nal pcrfpiration,  and  the  ofleous  juice.  The  fecond 
comprehend  the  fluid  of  tranfpiration,  fweat,  the  mu- 
cus of  the  noflrils,  the  wax  of  the  ears,  the  wax  of 
:he  eyes,  the  tears,  the  urine,  and  the  excrements.- 
Ihe  la  ft  are,  the  faliva,  the  tears,  the  bile,"  the  pan- 
creatic juice,  the  gaftric  and  inteftinal  juice,  the  milk 
md  feminal  liquor.  As  there  is  great  need  that  all 
i:hefe  fluids  be  known,  we  fhall  here  treat  of  thofe  only 
which  the  cheraifts  have  examined. 

Of  the  Blood. 

Among  the  excrementitial  humours,  the  moft  im- 
Dortant,  the  moft  compounded,  and  the  moft  incom- 
jrehenfible,  is  the  blood.    It  fhall  be  the  firft,  becaufe, 
iccording  to  the  doctrines  of  the  belt  phyficians,  it  is 
he  fource  and  focus  of  all  the  other  animal  fluids.  Se- 
sveral  phyficians,  and  in  particular  M.  Bordeu,  confi- 
slered  it  as  a  kind  of  liquid  flefh,  and  as  a  compound 
nf  all  the  animal  humours.  This  opinion,  however,  al- 
j  hough  it  be  very  probable,  is  not  yet  entirely  demon- 
strated. . 

The  blood  is  a  fluid  of  a  fine  red  colour  ;  of  an  unc- 
uous  fat  confidence,  as  if  foapy  ;  of  an  infipid,  fome- 
vhat  faline,  tafte;  which  is  contained  in  the  heart,  ar- 
3  eries,  and  veins.    This  fluid  greatly  differs,  according 
fo  the  regions  which  it  runs  through  ;  and  it  is  not  the 
>ame,  for  example,  in  the  arteries  and  veins,  in  the 
prealt  and  in  the  region  of  the  liver,  in  the  mufcles, 
ind  in  the  glands.     This  is  a  facY  not  fufficierttly  at- 
i.  ended  to  by  chemifts  who  have  treated  of  it  in  their 
I  vorks. 

Upon  confidering  the  blood  through  the  whole  animal 
Vol.  II.  Dd  >  king- 
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kingdom,  it  is  obfervcd,  that  it  varies  Angularly  in  di(C 
f'erent  animals,  in  the  colour,  confidence,  odour,  and 
particularly  the  temperature.  This  laft  property  is  the 
molt  important,  and  feems  to  depend  upon  circulation 
and  refpiration.  Man,  quadrupeds,  and  birds,  have 
their  blood  hotter  than  ihe  medium  in  which  thty  live; 
for  that  reafon  they  are  called  animals  with  hot  blood. 
Among  the  fifhes  and  reptiles,  it  is  of  a  temperature 
equal  to  the  furrounding  medium;  they  are  called 
therefore  animals  with  cold  blood.  It  is  probable  it 
might  be  the  fame  cafe  with  the  other  properties  of  this 
fluid,  and  particularly  the  chemical  qualities  or  charac- 
ters, if  the  blood  of  all  animals  were  diftin&ly  known. 

Human  blood,  which  is  here  particularly  meant,  va- 
ries according  to  the  age,  the  fex,  the  temperament, 
and  health.  In  infancy,  among  women  and  pituirous  per- 
fons,  it  is  more  pale  and  lefs  confident ;  in  robuft  ftout 
men,  it  is  of  a  deep  red,  almoft  black,  and  of  a  much 
more  faline  tafte.  Phyficians  know  alfo,  that  in  perfons 
affected  with  the  lues  and  fcrophula,  the  tetters  and 
gout,  the  blood  is  acrid,  and  deftitute  of  tafte  and 
iweetifhnefs,  which  are  peculiar  to  it  in  the  ftate  of 
health. 

Before  entering  upon  the  analyfis  of  the  blood,  its 
phyfical  properties  muft  be  known  ;  its  colour,  heat, 
tafte,  fmell,  and  particular  confiftence  already  men- 
tioned. The  microfcope  difcovers  in  it  a  great  num- 
ber of  globules ;  which,  when  they  are  pafling  through 
the  fmall  duels,  lofe,  according  to  Leeuwenhoek  and 
Boerhaave,  their  red  colour,  become  yellow,  and  laft 
of  all  white  :  fo  that,  according  to  the  Leyden  phyfil 
cian,  a  red  globule  is  an  aflemblage  of  feveral  fmaller 
white  globules,  and  owes  its  colour  only  to  the  aggre-i 
gation.  The  blood  prefents  alfo  a  fingular  phyficafl 
property.  While  It  is  warm  and  in  motion,  it  remains 
conftantly  fluid  and  red  :  when  it  is  cool  and  in  repofeJ 
it  turns  folid,  which  gradually  feparates  of  itfelf  intcj 
two  parts }  the  one  red,  which  fwims  above,  of  a  deep] 

colourJ 
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colour,  remaining  concrete  till  it  be  altered  ;  it  is  called 
the  crajfamentum  :  the  other,  which  occupies  the  bot- 
tom of  the  vdlcl,  is  of  a  greenifh  yellow,  gluey,  called 
/'drum  or  lymph.  This,  fponraneous  coagulation  and  re- 
paration of  the  two  parts  of  the  blood  takes  place  in  the 
hit  inftanfs  of  animal  life,  and  gives  rife  to  thefe  con- 
crete fubftances  which  are  found  after  death  in  the 
heart  and  large  veffels,  and  which  have  been  confidered 
falfely  as  polypi.  . 

Blood,  expofed  to  a  gentle  heat  long  continued,  paf- 
fes  to  the  putrid  fermentation.  If  it  is  diftilled  in  a 
balneum  maris  ;  it  yields  a  phlegm  of  an  infipid  fmell, 
which  is  neither  acid  nor  alkaline,  but  which  eafily 
paffes  to  the  putrid  ftate  by  means  of  an  animal  fub- 
iftance  which  is  diffolved  in  it.  Blood,  very  ftrongly 
heated,  coagulates  *,  and  dries  gradually,  as  M.  De- 

D  d  2  haen 

*  The  coagulatian  of  blood,  with  all  the  circumftances  which 
attend  this  appearance,  bears  but  little  analogy  to  the  confolida- 
tion  of  animal  jellies  or  of  mucilaginous  fubftances  by  expofure  to 
cold.  A  quantity  of  blood,  recently  drawn  from  a  vein,  coagulates 
in  the  fame  time  in  any  degree  or  heat  between  560  and  1040  of 
Farenheit's  fcale :  however,  the  coagulum  formed  in  the  higheft 
degree  of  heat  is  fomewhat  firmer  ;  fo  that  cold  does  not  feem  in 
the  lead  to  promote  the  coagulation  of  blood.  Neither  will  reft 
alone  produce  it,  as  appears  from  the  experiments  of  Mr  Hewfon, 
who  applied  two  ligatures  upon  the  jugular  vein  of  a  living  animal; 
and  upon  opening  the  vein  after  a  ftagnation  of  two  hours,  he 
found  the  blood  contained  between  the  ligatures  ft  ill  poffeffed  flui- 
dity. But  if  the  air  of  the  atmofphere  gain  admiffion  to  a  vein, 
the  blood  inftamly  coagulates  ;  and  this  change  feems  to  be  produ- 
ced in  conftquence  of  iome  chemical  attraction,  fince  all  kinds  of 
air  will  not  produce  this  effeel  :  on  the  contrary,  the  admiffion  of 
phlogifticated  tir  prevents,  or  at  leaft  retards,  the  progrefs  of  coa- 
gulation, and  difpofesthe  blood  to  affume  a  deeper  and  more  purple 
tint  of  colour.  This  deepnefs  of  colour  diftinguifhes  arterial  blood 
from  vtnous  blood  :  and  accordingly  Dr  Hamilton  found,  that  ar- 
terial blood  acquired  all  the  properties  of  venous  blood  by  mixing 
fome  dephlogillicated  air  with  it. 

The  lymph  of  blood  contained  in  the  umbilical  cord  is  made  to- 
coagulate  by  expofure  to  11 8°  degrees  of  heat,  the  ferum  requires 
about  16c0}  and  fo  far  is  cold  from  aiding  the  coagulation  of 

v  blood. 
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haen  has  difcovered:  it  lofes  feven-cighths  of  its  weight, 
and  makes  an  effcrvefcence  with  acids.  It  may  be  har* 
dened  fufficiently  by  a  well  condufted  fire,  fo  as  to 
form  a  kind  of  horny  fubftancc.  If.  fome  dried  blood 
is  expofed  to  the  air,  it  (lightly  attracts  humidity  ;  and 
in  fome  months  a  faline  effl-rvefcence  is  formed,  which 
M.  Rouelle  took  for  mineral  alkali.  DHHlled  in  a  na- 
ked fire,  it  yields  an  alkaline,  not  acid  phlegm,  as  fome 
chemifts  have  pretended,,  and  particularly  Vieuffcns : 
then  a  light  oil  panes  over;  next  an  oil  coloured  and, 
weighty,  fome  concrete  volatile  alkali,  or  aerated  am- 
montacal  fait,  made  impure  by  fome  grofs  oil  :  a  fpongy 
coal  remains  in  the  retort,  very  difficult  of  incineration, 
in  which  we  find  fome  marine  fait,  mild  mineral  alkali, 
fome  iron,  and  an  earthy  matter,  whofe  nature  is  not 
yet  known. 

Blood  united  to  the  alkalis  becomes  more  fluid  by 
repofe.  The  acids  inftantly  coagulate  it,  and  alter  its 
colour;  then  the  neutral  falts,  formed  with  the  mineral 
alkali,  and  any  of  the  acids  indifcriminately  employed, 
are  extracted  by  filtration,  evaporation,  exficcation  with 
a  gentle  fire,  and  then  by  warning  the  remaining  dried 
matter.    Spirit  of  wine  coagulates  blood. 

Experiments  made  upon  recent  blood  do  not  point 
out  the  nature  of  the  fubitances  of  which  this  fluid  is 
compofed  ;  but  the  fpontaneous  decomposition  of  the 
blood,  and  the  feparation  of  its  two  parts,  the  crafla* 
mentum  and  ferum,  affords  a  method  of  acquiring  this 
knowledge,  by  examining  each  of  thefe  matters  in  par- 
ticular. It  is  but  a  few  years  fince  the  chemical  analy- 
fis  of  the  blood  was  no  farther  advanced  than  what  has 
been  jufl:  now  delivered  ;  but  the  labours  of  MefT.  Men- 
ghini,  Rouelle  junior,  and  Bucquet,  have  inveftigated 
this  humour  in  a  very  different  manner ;  particularly 
the  two  laft  have  proved  in  their  works,  to  what  per- 
fection 

blood,  that  the  blood  contained  in  a  portion  of  a  vefTel  may  be  fro- 
zen, and  afterwards  thawed  without  congealing,  but  will  fpeedily 
coagulate  upon  the  admifSon  of  air. 
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(brought  by  following  their  footfleps.  The  refearches 
of  thefe  philofophers  mall  direct  our  following  confide- 
rations  of  the  properties  of  each  of  the  fubftances  which 
compofe  the  blood. 

The  ferum  is  very  far  from  being  pure  water  :  it  is  a 
particular  matter  of  important  consideration,  to  which 
we  have  given  the  name  of  lymph.    It  is  of  a  yellowifh 
white,  inclining  a  little  to  green  ;  its  confidence  is  unc- 
tuous and  gluey.    Expofed  to  heat,  it  coagulates  and 
hardens  a  long  time  before  it  comes  to  the  boiling 
<  point :  it  turns  the  fyrup  of  violets  green.    Diftilled  in 
i  a  balneum  marias,  it  yields  a  phlegm  of  a  mild  infipid 
3  tafte,  neither  acid  nor  alkaline,  but  which  putrefies  rea- 
f  dily :  after  that  it  is  hard,  dry,  and  tranfparent  like  horn: 
j  it  is  incapable  of  fohition  in  water:  diftilled  in  a  retort, 
it  yields  an  alkaline  phlegm,  a  great  quantity  of  con- 
|  crete  volatile  alkali,  and  a  very  fetid  thick  oil.  All 
thefe  products  have  in  general  a  very  fetid  particular 
odour.    The  coal  of  the  lymph,  diftilled  in  a  naked 
fire,  fills  the  retort  almoft  entirely.    It  is  fo  difficult  of 
incineration,  that  it  mu(t  be  kept  burning  for  feveral 
hours,  and  a  great  furface  mult  be  prefented  to  the  air, 
before  it  be  reduced  to  afties.    Thefe  are  of  a  blackifh 
grey,  containing  marine  fait,  mineral  alkali,  often  a 
little  iron,  and  an  earthy  matter,  which  lias  not  yet  been 
properly  examined.    Might  not  this  earthy  matter  be 
perhaps  a  kind  of  neutral  phofphoric  fait  like  the  bale 
of  the  bones? 

The  lymph,  expofed  for  fome  time  to  a  warm  tempe- 
rature in  an  open  vefl'd,  panes  eafily  to  putrefaction, 
and  then  gives  a  great  quantity  of  concrete  volatile  al- 
kali of  an  infupportahle  fmell.  It  putrefies  fo  rapidly, 
that  M.  Eucquet  could  not  afcertain  if  it  palled  to  the 
acid  fermentation  before  it  became  alkaline.  This  li- 
quor unites  with  water  in  all  proportions  ;  then  it  loles 
its  confidence,  tafte,  and  greenifh  colour  :  the  mixture 
inuft  be  agitated  to  favour  the  combination,  as  the  dif- 
2  D  d  3  ferent 
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ferent  denfity  of  tbefe  two  fluids  is  an  obftacle  to  their 
union.  The  lymph,  poured  into  boiling  water,  coa- 
gulates^  in  great  mealure,  and  inftautly.  A  portion  of 
this  fluid  forms  with  the  water  a  kind  of  an  opaque  and 
milky  white  liquor ;  which  has,  according  to  M.  Buc- 
quet, all  the  characters  of  milk,  viz.  which  grows  four 
like  this  fluid,  coagulates  by  heat,  the  acids,  &c. 

The  alkalis  united  with  the  lymph  render  it  more 
fluid,  occafioning  a  kind  of  folution.  The  acids  alter 
it  in  an  oppofite  manner  ;  they  give  it  confidence,  and 
coagulate  it.  Upon  filtrating  this  mixture,  and  eva- 
porating the  flu'd  obtained  by  this  filtration,  we  obtain 
that  neutral  fait  which  the  acid  employed  fhould  form 
with  the  mineral  alkali  ;  which  proves  that  this  laft  fait 
exifts  uncombined,  and  poffefling  all  its  properties  in 
the  lymph.  The  coagulum,  formed  in  this  liquor  by 
the  addition  ol  an  acid,  difTolves  very  readily  in  the 
volatile  alkali,  which  is  the  true  folvent  of  the  lymph  ; 
but  it  does  not  diflblve  at  all  in  pure  water  :  an  acid  fe- 
parates  the  lymph  united  with  the  volatile  alkali.  The 
fame  coagulum,  dilfillecl  in  an  open  fire,  yields  the 
fame  products  as  pure  dried  lymph  ;  and  its  coal  con- 
tains a  great  deal  of  mineral  alkali :  which  proves,  ac- 
cording to  M.  Bucquet,  that  there  is  a  portion  of  this 
fait  intimately  combined  in  the  lymph,  which  the  acid 
employed  to  coagulate  it  does  not  faturate. 

Lymph  does  not  decompofe  the  argillaceous  and  cal- 
careous neutral  fairs ;  but  it  decompofes  very  well  the 
metallic  fairs.  It  is  coagulable  by  fpirit  of  wine  :  this 
coagulum  differs  greatly  from  that  which  is  formed  by 
the  acids  in  its  folubility  in  water,  according  to  the  dif- 
covery  of  M.  Bucquet.  Therefore,  from  thcfe  details, 
the  lyn  ph  appears  "o  be  an  animal  mucilage,  compofed 
of  water,  oil,  marne  ralt,  mild  mineral  alkali,  and  an 
infoluble  matter,  which  has  been  confidered  as  a  par- 
ticular earth,  although  it  is  perhaps  an  earthy  fait.  The 
moil  fingular  property  of  this  mucilage,  and  one  which 
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merits  the  attention  of  phyficians,  is  that  of  becoming 
concrete  by  the  action  of  heat. 

The  crafTamentum,  expofed  to  heat  in  a  balneum 
marine,  yields  an  infipid  water  ;  it  dries  and  becomes 
brittle.  In  a  retort  it  yields  an  alkaline  phlegm,  a  thick 
oil  of  a  fetid  and  empyreumatic  fmell,  and  much  con- 
crete volatile  alkali.  Its  refiduum  is  a  fpongy  coal,  of  a 
brilliant  and  metallic  afpect,  difficult  of  incineration,  and 
which,  when  heated  with  the  vitriolic  acid,  yields  Glau- 
ber's fait  and  martial  vitriol.  After  this  operation,  it 
yields  an  earth  unknown.  The  crafTamentum  putrefies 
very  readily  in  warm  air.  When  it  is  wafhed  with  water, 
this  fluid  feparates  into  two  very  diftinct  matters ;  the 
one,  which  it  diflblves,  communicates  to  it  a  red  colour. 
This  folution,  treated  by  different  menftrua,  prefents  all 
the  characters  of  the  lymph  j  but  it  contains  a  much, 
greater  quantity  of  iron.  This  metal  is  extracted  by 
incineration,  and  by  warning  the  incinerated  coal,  to  fe- 
parate  the  faline  matters.  The  refiduum  of  this  ley  is  in 
the  flate  of  crocus  jmartis,  of  a  beautiful  colour  :  it  is 
generally  attractible  by  the  magnet.  The  colour  of  the 
blood  is  attributed  to  this  metal.  Iron  in  very  great 
quantity  has  been  extracted  from  this  fluid  by  Meffrs 
Menghini,  Rouelle,  and  Bucquet. 

The  crafTamentum,  after  having  been  wafhed  and  de- 
prived of  all  the  red  lymph  it  contained,  is  in  the  flate 
of  a  fibrous  white  matter,  which  remains  to  be  exa- 
mined. 

The  fibrous  part  of  the  blood  is  white  and  colourlefs 
when  it  is  well  warned  ;  it  has  only  an  infipid  tafte.  By 
diilillation  in  a  balneum  mariae,  an  infipid  phlegm,  fuf- 
ceptible  of  putrefaction,  pafTes  over.  The  moft  gentle 
heat  Angularly  hardens  the  fibrous  matter.  When  it  is 
expofed  to  a  brifk  heat,  it  contracts  like  parchment:  di- 
flilied  in  a  retort,  it  yields  an  alkaline  phlegm,  a  heavy, 
thick,  and  very  fetid  oil,  much  concrete  volatile  alkali, 
tainted  by  a  portion  of  oil.  Its  coal  is  not  large,  but  com- 
pact, weighty,  lefs  difficult  to  incinerate  than  that  of  the 
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lymph.  It  cinder  is  very  white ;  it  contains  no  faline 
matter,  which  has  been  carried  off  by  the  wafhing  of  the 
craffatnentum,nor  iron  ;  it  is  a  kind  of  refiduum,  whofe 
afpeft  is  earthy,  but  whofe  nature  has  not  been  exa- 
mined. 

The  fibrous  part  putrefies  very  quickly,  and  with  great 
facility.    When  it  is  expofed  to  a  warm  and  moift  air, 
it  fwells,  and  yields  much  volatile  alkali.    It  is  infoluble 
in  water.    When  it  is  boiled  with  this  fluid,  it  hardens 
and  acquires  a  grey  colour.    The  alkalis  do  not  diflblve 
it ;  but  even  the  weakeft  acids  combine  with  it.  The 
nitrous  acid,  concentrated,  diffolves  it  with  fffervefcence 
and  the  dilengagement  of  nitrous  gas ;  it  forms  with  it  a 
yellowifh  mucilage.    With  fpirit  of  fait  it  yields  a  kind 
of  green  gelly.  The  acid  of  vingar  diffolves  it  by  means 
of  heat :  water,  and  particularly  the  alkalis,  precipitate 
the  fibrous  )part  united  with  the  acids.    This  animal 
matter  is  decompofed  in  thefe  combinations ;  and  when 
it  is  feparated  from  the  acids  by  any  means,  it  does  not 
prefent  the  fame  properties.     The  neutral  falts,  and 
other  mineral  fubftances,  have  no  aclion  upon  it.  It 
unites  with  the  lymph,  particularly  that  which  is  co- 
loured, to  form  the  craffamentum.    This  laft  is  foluble 
entirely  in  the^  acids,  as  the  fibrous  part  is,  on  account 
of  the  combination  of  this  matter  with  the  red  lymph. 
Hence  it  is  evident,  that  the  fibrous  part  is  widely  dif- 
ferent from  the  lymph,  properly  fo  called.    This  is  a 
fubftance  more  animalyfed  than  this  laft ;  a  fort  of  ani- 
mal gluten,  which  has  great  relation  with  that  of  the  fa- 
rina, and  particularly  which  has  the  very  remarkable 
property  of  becoming  concrete  by  cooling  and  repofe. 
It  cannot  be  doubted,  that  this  fubftance,  which  has  not 
yet  been  fufficiently  diftinguifhed  from  the  lymph  by 
phyfiological  and  pathological  authors,  is  of  particu- 
lar confequence  in  the  aninial-ceconomy.    Might  not 
this  be  what  is  depofited  in  the  mufcles,  and  that  which 
conftitutes  the  fibrous  part  of  thefe  organs,  and  the  fub- 
ftance irritable  from  its  excellence  ?  If  this  aiiertion 
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were  as  fully  demonflrated,  as  it  is  probable,  fhould  it 
not  be  important  to  pay  more  attention  to  this  fubftance 
than  has  yet  been  done,  and  to  regard  it  as  capable,  by 
its  abundance  or  deficiency,  of  inducing  particular  dif- 
cafes  ?  I  mail  have  occafion  fome  other  time  to  refume 
this  important  fubjecl:. 

Notwithftanding  all  thefe  refearches  about  the  blood's 
properties,  all  its  chemical  qualities  are  very  far  from  be- 
in^  known.  It  is  uncertain  what  is  the  difference  be- 
tween the  lymph  and  the  fibrous  part.  The  blood  has 
not  been  examined  in  all  its  flates  ;  and  cfpecially  in  the 
different  difeafes,  in  which  this  fluid  fuffers  confiderable 
alterations,  viz.  in  ftrong  inflammations,  in  the  chlo- 
rous, &c.  Phyficians  are  more  acquainted  with  it  in  this 
point  of  view  than  chemifts.  M.  Rouelle  has  exami- 
ned the  blood  of  fome  quadrupeds,  as  the  ox,  the  horfe, 
the  calf,  the  fheep,  the  fow,  the  afs,  and  goat.  They  all 
yield  the  fame  products  as  that  of  man,  but  in  different 
proportions. 

LECTURE  LXIV. 
Of  the  Milk. 

Tt  /ITLK  is  a  recrementitial  humour,  deflined  for  the 
|\J[  nourifhuient  of  young  animals  in  the  firff.  rtages 
of  life.  It  is  of  a  dirty  white ;  of  a  faccharine  fweet 
tafle  ;  of  a  flightly  aromatic  fmell.  It  is  feparated  imme- 
diately from  the  blood  in  the  female  mammae  of  ani- 
mals :  it  is  conveyed  principally  by  the  mammary  ar- 
teries. Man,  quadrupeds,  and  the  cetacea,  are  the 
only  animals  which  give  milk.  All  other  animals  want 
the  organs  which  are  deflined  for  the  fecretion  of  this 
humour. 

Milk  differs  greatly  in  the  different  kinds  of  ani- 
mals :  in  women  it  is  very  faccharine ;  that  of  cows 
is  fweet,  and  its  principles  are  well  united  :  thofe  of  the 
goat  and  afs  have  a  particular  virtue}  they  are  often 

flight]  y 


NATURAL  HISTORY.' 


flightly  aftringent.  As  to  its  other  properties,  its  dif- 
ferences depend  generally  upon  the  aliments  which 
nourim  the  animals. 

Cow  milk,  which  we  (hall  make  our  example  in  this 
analyfis,  becaufe  it  is  cafily  procured,  is  a  compound  of 
three  different  fubltances;  ferum,  which  is  fluid  and  tranf- 
parent ;  the  butter  and  cheefe,  both  of  which  have  a 
greater  confidence.  Thefe  three  parts  are  mixed  and  fu Im- 
pended, fo  that  they  form  a  kind  of  animal  emulfion. 

Milk,  expofed  to  the  action  of  heat,  and  to  a  balneum 
mariae,  yields  a  taltelefs  phlrgm,  of  a  weak  fmell,  and 
fufceptible  of  putrefaction.  With  a  little  ftronger  heat 
it  coagulates  like  the  blood,  according  to  the  observations 
of  M.  Bucquet.  By  agitation  and  gradual  exficcation, 
it  forms  a  fort  of  faccharine  extract.  This  extract  dif- 
folved  in  water  conffitutes  the  weak  milk  of  Hoffman. 
Diflilled  in  a  naked  fire,  this  extract  yields  fome  acid, 
fluid  oil,  concrete  oil,  and  volatile  alkali.  Its  coal  con- 
tains very  little  fixed  vegetable  alkali,  febrifugal  fait,  and 
a  earth  little  known. 

Milk,  expofed  to  a  warm  temperature,  is  fufceptible 
of  the  fpirituous  fermentation,  and  of  forming  a  kind  of 
wine  ;  but  it  mull:  be  in  great  quantity.  The  Tartars 
prepare  a  fpirituous  liquor  with  the  milk  of  mares. 
Milk  paffes  to  the  acid  Itate  readily,  and  then  it  coagu- 
lates. The  cheefy  part  forms  into  a  mafs,  and  the  ferum 
ieparates. 

The  acids  inftantly  produce  the  fame  effect  upon 
milk  :  they  coagulate  it :  the  alkalis,  and  efpecially  the 
volatile,  rediffolve  the  coagulum.  Boerhaave  fays,  that 
in  boiling  milk  with  oil  of  tartar,  this  fluid  becomes  yel- 
low, then  red,  and  of  the  colour  of  blood.  He  thinks 
alfo,  that  it  is  a  fimilar  combination  which  converts  the 
milk  to  the  ftate  of  true  blood  in  the  human  body. 

Weak  milk  is  prepared  by  heating  ordinary  milk  a- 
long  with  runnet.  This  fubftance  formed  by  the  milk, 
rendered  four  in  the  ftomach  of  calves,  is  a  ferment 
which  coagulates  the  cheefy  part.  When  this  coagulum 
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formed,  the  milk  is  paffed  through  a  cloth.  The 
herb  gallium  and  thirties  act  as  runnet  does  upon  milk. 

Scrum  prepared  in  this  manner  is  turbid  ;  it  is  clari- 
fied'by  means  of  the  white  of  an  egg  and  cream  of  tar- 
tar ;  it  has  a  fweet  tafte  ;  it  contains  a  faccharine  effen- 
tial  fait,  a  gelatinous  matter  little  known,  a  colouring 
extractive  fubftance,  and  fome  febrifugal  fait  difTolved 
in  a  great  quantity  of  water.  In  order  to  feparate  thefe 
principles,  the  water  is  volatilifed  by  evaporation  to  the 
confidence  of  fyrup ;  it  is  left  to  cool ;  a  fait  at  firfl  a  little 
red  cryftallifes,  which  is  the  fugar  of  milk,  and  is  purified 
by  new  folutions  and  cryftallifations.  This  fait  cryfta- 
lifes  nearly  like  vitriolated  tartar:  it  has  an  earthy  and  a 
moderately  faccharine  tafte;  it  diffolves  in  one  part  and  a 
half  of  hot  water  ;  it  yields  to  diftillation  an  acid  phlegm, 
a  light  oil,  a  fpongy  coal,  which  contains  very  little  fixed 
alkali  ;  it  is  very  difficult  of  incineration.  It  does  not 
feem  fufceptible  of  paffing  per  fe  to  the  fpirituous  fer- 
mentationbut  when  it  is  combined  with  the  cheefy 
matter  and  the  gelatinous  mucilage,  it  may  form  a  kind 
of  wine,  fince  M.  Spielman  has  proved  by  fair  experi- 
ments, that  milk  fermented  in  a  great  mafs  yielded  ar- 
dent fpirit  by  diftillation. 

From  ferum  a  new  quantity  of  faccharine  matter  may 
be  obtained  by  a  fecond,  and  even  a  third  evaporation. 
The  mother-water  which  remains  is  gluey  ;  it  turns  fre- 
quently into  a  gelly  by  cooling,  as  M.  Rouelie  has  ob- 
ferved  ;  it  contains  a  gelatinous  mucilage,  an  extractive 
matter,  and  febrifugal  fait,  which  is  extracted  by  a  new 
folution  and  evaporation.  This  fait  may  be  detected 
alfo  by  oil  of  vitriol. 

The  fugar  of  milk,  expofed  to  an  open  fire,  fufes, 
bubbles  up,  and  burns  like  fugar.  It  emits  a  fmell  of 
caramel  ;  its  coal  is  difficult  of  incineration  ;  it  yields 
very  little  afhes,  as  a  pound  of  the  fugar  of  milk  fur- 
nifhed  M.  Rouelie  only  about  twenty-four  or  thirty 
grains.  This  cinder  contains  febrifugal  fait  and  a  little 
Vegetable  fixed  alkali,  which  this  chemift  afcribed  to  the 
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extractive  matter.  M.  Vulgamoz  found,  according  to 
M.Pccrner,  the  fame  analogy  as  M.  Rouelle,  betweenthe 
fait  of  milk  and  fugar. 

The  cheefe  forms  into  a  mafs,  and  feparates  from'the 
other  parts  of  the  milk  by  the  action  of  heat,  by  the 
acid  fermentation  which  this  liquor  is  capable  of  under- 
going, and  by  the  mixture  of  acids.  This  matter, 
when  well  warned,  is  white,  folid,  as  if  fibrous :  the 
attion  of  a  gentle  fire  hardens  it.  Diftillation  in  a  bal- 
neum mariae  extracts  from  it  ari  infipid  phlegm,  which 
putrefies. 

Dried  cheefe,  diftilled  in  a  retort,  yields  an  alkaline 
liquor,  a  heavy  oil,  and  much  concrete  volatile  alkali. 
Its  coal  is  denfe,  very  difficult  of  incineration,  and  yields 
no  fixed  alkali. 

Cheefe  putrefies  in  a  warm  temperature :  it  bubbles 
up,  emits  a  difagreeable  fmell,  puts  on  a  femifluidity, 
becomes  covered  with  afcum,  owing  to  the  disengage- 
ment of  a  ftrongly-fmelling  and  very  mephitic  gas, 
which  efcapes  with  difficulty  from  this  vifcous  matter. 

Cheefe  is  infoluble  in  cold  water ;  hot  hardens  it. 

The  alkalis  diffolve  it ;  and  particularly  the  volatile, 
which,  poured  into  milk  coagulated  by  an  acid,  in  the 
<dofe  of  a  few  drops,  very  foon  refolves  the  coagulum. 

The  acids,  concentrated,  alfo  diffolve  it. 

The  neutral  falts,  and  particularly  marine  fait,  retard 
its  putrefaction. 

It  appears  from  all  thefe  details,  that  cheefe  is  a  fub- 
ftance  akin  to  the  lymph;  but  as  from  its  nature  it  is 
not  foluble  in  water,  it  is  by  means  of  the  gelatinous 
fubftance,  and  of  the  extractive  and  faccharine  matters 
contained  in  the  ferum,  that  it,  as  well  as  the  oily  part, 
is  kept  in  folution. 

Butter  partly  feparates  from  the  milk  by  repolV  ; 
it  collects  at  its  furface ;  but  as  it  is  mixed  with  much 
ferum  and  cheefy  matter,  it  is  completely  feparated  from 
them  by  a  rapid  motion  :  this  conltitutes  the  art  of  beat- 
ing butter.  The  ferum,  which  fwims  above  the  beat- 
butter, 
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butter,  retains  a  portion  of  this  oily  fubftance  ;  it  is  yel- 
low, four,  and  greafy  ;  it  is  called  butter-milk.  Cream, 
is  a  mixture  of  cheefe  and  butter  taken  from  the  top  of 
the  milk.  It  is  of  much  more  difficult  digeftion  than 
milk.  This  fubltance  is  fufceptible  of  lathering  by  a  great 
agitation.    In  this  ftate  it  is  the  whipt  cream. 

Pure  butter  is  concrete  and  foft,  of  a  golden  yellow 
colour,  of  a  fweet  agreeable  tafte.  It  is  a  fat  oil,  ren- 
dered concrete  by  an  acid :  it  fufes  with  a  gentle  heat, 
and  becomes  folid  by  cooling.  Diftilled  in  a  balneum 
mariae,  it  yields  an  almoft  infipid  phlegm.  In  a  re- 
tort, it  gives  over  an  acid  of  a  very  pungent  ftrong 
odour ;  an  oil  at  firft  fluid  ;  then  a  concrete  coloured 
oil,  of  the  fame  pungent  odour  as  the  acid.  By  re&i- 
fying  thefe  products,  the  oil  is  rendered  fluid  and  as 
volatile  as  the  effential  oils.  Only  a  fniall  quantity  of 
coal  remains. 

Butter  eafily  becomes  acid  and  rancid  in  a  hot 
air.  Its  acid  is  then  evolved,  and  it  has  a  difagreeable 
tafte:  Water  and  fpirit  of  wine  bring  it  back  to  its  for- 
mer ftate,  by  diflblving  the  acid.  The  fixed  alkali  dif- 
folves  butter,  and  forms  with  it  a  kind  of  foap  little 
examined. 

From  thefe  4etails  it  is  evident,  that  butter  is  an  oily 
matter,  of  the  nature  of  the  vegetable  concrete  fat  oils. 

Frefh  butter  is  fweet,  relaxing,  and  cooling :  but  it 
eafily  fours,  and  in  general  agrees  ill  with  moft  fto- 
machs.  Red  butter,  whofe  acid  is  evolved,  is  one  of 
the  moft  unhealthful  aliments,  and  of  the  moft  difficult 
digeftion. 

Milk  is  an  agreeable  and  ufeful  aliment  in  many  cafes. 
It  is  alfo  one  of  the  moft  valuable  medicines  which  me- 
dicine poffefles.  It  fweetens  the  acrid  humours  in  dif- 
eafes  of  the  ikin  and  joints ;  fuch  as  the  rheumatifm, 
gout,  &c.  It  cicatrifes  fome  ulcers  of  a  good  nature. 
It  may  be  impregnated  with  fome  aromatic  parts ;  and 
is  then  an  excellent  medicine  in  the  phthifis  pulmonalis. 
All  ftomachs  do  not  digeit  milk.    When  acidities  exilt 
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in  the  firft  paffages,  it  is  generally  hurtful.  It  generally* 
requires  great  prudence  in  its  admin  ideation.  We  ufe^ 
ibmetimrs  with  fuccefs,  milk  rendered  medicinal  by 
certain  Jubilances  which  we  give  to  the  animal  which 
furniftics  it. 

_  The  milk  of  different  animals  has  fome  particular 
virtues.  That  of  women  is  mild,  very  faccharine,  and 
agrees  well  in  the  marafinus.  Afs-milk  is  fuccefstully 
employed  in  the  phthifis  pulmonalis  and  gout :  gene- 
rally it  is  relaxing.  Mare's  milk  approaches  to  afs's 
milk.  Goat- milk  is  ferous  and  flightly  aftringent.  Cow- 
milk  is  the  thickeft,  fatteft,  and  mott  nouriihing  :  it  is 
alfo  the  molt  difficult  of  digeftion  ;  and  it  is  often  ne- 
ceffary  to  take  a  little  water  along  with  it,  or  fome  aro- 
matic infufion,  particularly  if  it  is  naufeous  and  pro- 
vokes vomiting. 

Milk  is  employed  alfo  externally,  as  foftening  and 
emollient.  It  readily  calms  pains  ;  it  ripens  collections 
of  matter  and  abfcefTes,  and  accelerates  their  fuppura- 
tion.  It  is  applied  hot,  and  contained  in  a  bladder,  up- 
on the  affected  parts. 


LECTURE  LXy. 

Of  the  Fat. 

THE  fat  is  an  oily  concrete  matter  contained  in  the 
cellular  texture  of  animals  ;  it  is  white  or  yellow- 
i(h,  generally  of  an  infipid  fmell  and  tafte  :  in  all  ani- 
mals it  differs  in  folidity,  colour,  tafte,  &c.  Age  alfo 
increafes  thefe  differences :  in  infancy  it  is  white,  infi- 
pid, and  not  very  folid  ;  in  the  adult  it  is  firm  and  yel- 
lowifti  ;  in  old  age  its  colour  is  deeper,  its  confidence 
very  various,  and  its  tafte  in  general  more  ftrong. 

That  of  man  and  quadrupeds  is  confiftent,  white  or 
yellow  ;  that  of  birds  is  more  fine,  fweet,  unctuous,  and 
in  general  lefs  folid ;  among  the  cetacea  and  fifties  it 
is  almoft  fluid,  and  often  placed  in  particular  refervoirs, 
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sis  in  the  cavity  of  the  cranium.  It  is  found  in  reptiles, 
infe&s,  and  worms ;  but  in  thefe  animals  it  accompanies 
only  the  vifcera  of  the  lower  belly,  upon  which  it  is 
laid  in  knots,  only  a  fmall  quantity  is  found  upon  the 
mufcles  and  under  the  {kin. 

It  has  been  obferved,  that  the  fat  of  frugivorous  and 
herbivorous  animals  is  firm  and  folid,  whilft  that  of  the 
carnivorous  is  more  or  lefs  fluid.  It  muft  be,  however, 
remarked  here,  that  the  fat  is  always  lefs  folid  and  con- 
crete in  a  living  and  warm  animal  than  it  appears  to  be 
in  a  dead  one,  when  cold  and  fubmitted  to  diffecYion. 

The  fat  varies  alfo,  according  to  the  different  places 
of  the  body  of  the  animal  which  conceal  it :  it  is  folid 
about  the  reins  and  under  the  fkin  ;  it  is  lefs  fo  between 
the  mufcular  fibres,  or  in  the  neighbourhood  of  the 
moveable  vifcera,  fuch  as  the  heart,  ftomach,  inte- 
ftines :  it  is  more  copious  in  the  winter  than  fummer : 
it  feems  to  be  deftined  to  fupport  the  heat  in  the  regions 
where  it  is  placed  ;  as  many  facts  colle&ed  by  phyfiolo- 
gilts  demonftrate :  it  appears  even  to  contribute  to  the 
nourilhment  of  animals,  as  is  obferved  in  the  bears, 
monkeys,  rats ;  and  in  general  all  animals  fubjected 
to  long  abftinence,  among  which  the  fat  melts,  and  is 
gradually  deftroyed. 

When  we  want  greafe  for  pharmaceutical  purpofes, 
or  for  the  examination  of  its  chemical  properties,  it  muft 
be  cut  into  pieces  ;  the  membranes  and  veffels  which 
run  through  it  muft  be  feparated,  then  warned  with  a 
great  quantity  of  water :  it  is  melted  in  a  new  earthen 
vefiel,  water  being  gradually  added  :  when  this  fluid  is 
diflipated,  and  no  more  boiling  is  excited,  it  is  put  into 
an  earthen  velfel,  where  it  fixes. 

All  tfce  chemical  properties  of  fat  have  not  yet  been 
inveftigated.  The  action  of  heat,  air,  and  two  or  three 
menftrua,  only  are  known.  However,  it  is  one  of  the 
animal-matters  which  is  the  mod  necelfary  to  be  known, 
to  enable  us  to  judge  of  its  ufes,  of  which  we  know  no- 
thing 
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thing  certain,  and  particularly  of  the  alterations  which 
it  is  fufceptible  of  undergoing  in  living  bodies. 

The  fat  of  any  animal  whatever,  expofed  to  a  gentle 
fire,  liquefies,  and  then  congeals  by  cooling.  It  it  is 
ftrongly  heated,  and  with  the  contact  of  air,  it  emits  a 
fume  of  a  pungent  odour,  exciting  tears  and  coughing, 
and  it  enflames  when  it  is  hot  enough  to  be  volatilifed : 
it  yields  but  a  fmall  quantity  of  coal.  If  it  is  diftilled  in  a 
balneum  marine,  a  vapid  water  is  got  over,  of  a  flight  ani- 
mal odour,  which  is  neither  acid  nor  alkaline,  but  which 
very  foon  acquires  a  putrid  fmell,  and  which  depofites 
as  if  mucilaginous  filaments.  This  phenomenon,  which 
takes  place  in  the  water  obtained  by  the  diftillation  of 
all  animal-fubftances  in  a  balneum  marise,  proves,  that 
this  fluid  carries  along  with  it  fome  mucous  principle, 
which  is  the  caufe  of  its  alteration.  Fat  diftilled  in  a  re- 
tort gives  over  a  phlegm,  at  firft:  aqueous,  then  ftrongly 
acid j  an  oil,  partly  liquio1  and  partly  concrete:  there 
remains  a  very  fmall  quantity  of  coal,  very  difficult  of 
incineration.  Thefe  produ&s  have  an  acid,  pungent, 
penetrating  fmell,  as  ftrong  as  that  of  the  fulphureous 
acid  ;  the  acid  is  of  a  particular  nature,  and  has  not  yet 
been  examined.  The  concrete  oil  may  be  rectified  by 
repeated  diftillation,  fo  as  to  be  very  fluid,  volatile,  and 
penetrating ;  in  a  word,  to  exhibit  all  the  marks  of  a 
true  eflentiai  oil. 

Fat,  expofed  to  a  hot  air,  is  very  readily  altered  : 
however  fweet  and  deftitute  of  fmell  when  it  is  frelh, 
it  becomes  ftrong  and  pungent  ;  it  turns  rancid  :  this 
alteration  feems  to  be  a  real  fermentation,  which  evolves 
the  acid  and  lets  it  free.  It  is  not  the  oily  part  of  the 
fat  which  occafions  this  fort  of  change,  but  a  particular 
animal-mucilage,  which  a  farther  analyfis  will  fhow. 
Rancid  fat  may  be  corrected  in  two  ways :  water  alone 
is  capable  of  carrying  off  the  acid  which  it  contains, 
as  M.  Pcerner  has  obferved  ;  fpirit  of  wine  afo  has  the 
fame  property,  according  to  M.  de  Machy.  This  proves, 
that  the  acid  of  rancid  fat  puts  this  fat  matter  into  a  kind 
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of  foapy  (late,  and  thus  renders  it  foluble  in  water  and 
fpirit  of  wine.  Thefc  two  fluids,  then,  may  be  fuccefs* 
fully  ufed  to  deprive  fat  of  its  rancidity. 

When  fat  is  warned  with  a  great  quantity  of  diftilled 
water,  this  fluid  diflblves  a  gelatinous  matter,  which 
may  be  demonftrated  by  evaporation ;  but  the  fat  al- 
ways retains  a  certain  portion  of  this  matter,  which  i$ 
intimately  combined  with  it,  and  upon  which  depends  its 
fermenting  property.  The  a&ion  of  water  upon  this 
anirnal-fubftance  has  not  been  determined. 

We  are  ignorant  how  lime  and  magnefia  ad  upon 
greafe  ;  we  know  the  alkalis  combine  with  it,  and  form 
foap.  The  acids  alter  and  burn  it,  as  they  do  the  fluid 
oils ;  they  are  capable  even  of  converting  it  into  the 
flate  of  an  acid  foap,  foluble  in  water. 

Sulphur  unites  very  well  with  fat,  and  forms  a  com- 
bination which  has  not  yet  been  fully  examined* 

Fat  is  fufceptible  of  diflblving  certain  metals :  it  is 
alloyed  with  mercury  in  the  preparation  called  unguen- 
tum  mercuriale.  The  metal  is  triturated  with  hog's  lard 
for  a  fufficiently  long  time  :  the  mercury  is  divided,  at- 
tenuated, and  united  fo  intimately  with  the  fat,  that  it 
communicates  to  it  a  flaty  colour,  and  it  appears  no 
longer  in  a  metallic  form.  However,  this  union  feems 
to  be  only  an  extreme  divifion ;  or,  at  moft,  there  is 
only  a  fmall  portion  of  the  mercury  diflblved  by  the 
acid  of  the  fat ;  fince,  by  means  of  a  microfcope,  glo- 
bules of  mercury  are  always  perceived  in  the  belt  pre- 
pared ointment. 

Lead,  -copper,  and  iron,  are  the  three  metals  which 
are  the  moft  alterable  by  fat ;  their  calces  likewifc  com- 
bine very  eafily  with  it :  therefore  it  is  dangerous  to 
keep  aliments  prepared  with  greafe  in  copper  veffels, 
and  even  in  earthen  ones  whofe  covering  contains  glafs 
of  lead. 

The  moft  part  of  vegetable  matters  are  capable  of 
uniting  with  fat :  the  extracts  and  mucilages  give  it  a 
kind  of  folubility,  or  at  leaft  favour  its  fufpenfion  in 
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water-  It  combines  in  all  proportions^with  oils,  and 
communicates  to  them  a  part  of  its  confidence. 

Such  are  the  known  chemical  properties  of  fat :  they 
mow  us,  that  this  fubltanee  is  very  fimilar  to  butter; 
that  is,  it  is  a  kind  of  fat  oil  rendered  concrete  by  a  por- 
tion of  acid. 

As'to  its  ufes  in  the  animal-ceconomy,  befides  the 
heat  which  it  fupports  in  the  parts  which  are  adjacent ; 
befides  the  round,  flexible,  and  agreeable  forms,  and 
the  whitenefs  which  it  gives  the  {kin  ;  it  feems  alio,  ac- 
cording to  M.  Macquer,  to  ferve  the  purpofe  of  ab- 
forbi  ng  the  Superabundant  acids  which  may  be  found  in 
the  bodies  of  living  animals,  and  it  is  as  if  the  refcrvoir 
of  ttoefe  falts.  It  is  known,  however,  that  a  very  great 
quantity  of  acid,  introduced  into  the  body  of  an  animal, 
diffolves  and  melts  the  greafe,  which  is  owing  finely  to 
its  converfion  into  a  kind  of  foap,  and  to  its  rendering 
it  more  foiuble. 

The  exceffive  abundance,  and  particularly  the  altera- 
tions of  the  fat,  produce  in  the  animal-ceconomy  fatal 
difeafeSj  whofe  fymptoms  and  effects  have  not  yet  been 
fully  examined.  M.  Lorry  is  particularly  bufy  about 
this  fubjecl ;  and  he  has  eftablimed  between  this  fub- 
fiance  and  the  bile  a  linking  analogy.  He  has  given 
feveral  memoirs  upon  this  fubject,  which  will  be  print- 
ed among  thofe  of  the  Royal  Society  of  Medicine. 

Fat  is  alfo  ufed  as  a  feafoner  to  our  food  :  it  is  nou- 
rifhing  to  perfons  who  have  a  good  ftomach.  In  medi- 
cine it  is  ufed  externally  as  an  emollient  and  anodyne  : 
it  enters  the  compofition  of  feveral  ointments  and  pla- 
nners. 

Of  the  Bile. 

The  bile  or  gall  is  a  fluid,  of  a  more  or  lefs  yellowifh 
green  colour  ;  of  a  very  bitter  tafte  ;  of  an  infipid  difa- 
greeable  odour,  which  is  feparated  from  the  blood  in  a 
glandular  vifcus,  known  to  every  body  by  the  name  of 
liver.  In  the  greateft  number  of  animals,  except  infects 
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and  worms,  it  is  collected  in  a  membranous  refervoir 
adjoining  to  the  liver,  called  gall-bladder.  Human  tile 
has  not  been  accurately  examined,  from  the  difficulty  of 
procuring  a  great  quantity  :  it  is  ox-bile  which  has  fer- 
ved  for  all  our  chemical  experiments. 

This  liquor  is  of  a  confidence  almolt  gelatinous  or 
glairy ;  it  is  ropy,  like  a  moderately  clear  fyrup  :  by  agi- 
tation, it  lathers  like  foapy  water. 

If  it  is  diftilled  in  a  balneum  marias,  it  yields  a  phlegm 
which  is  neither  acid  nor  alkaline,  but  which  is  capable 
of  turning  putrid  in  a  certain  time.  This  phlegm  of- 
ten prefents  a  fingular  character  ;  that  of  exhaling  a 
very  remarkable  fweet  fmell,  very  analagous  to  that  of 
mulk  or  amber.  This  phenomenon  has  been  mown  in  my 
own  courfes ;  and  feveral  perfons  have  fince  confirmed  if* 
When  all  the  water  which  the  bile  contains  has  been  ex- 
tracted in  a  balneum  marice,  it  is  found  in  the  (fate  of 
an  extract  more  or  lefs  dry,  of  a  dirty  green  and  brown 
colour.  This  bilious  extract  attracts  humidity  from  the. 
air ;  it  is  very  tenacious  and  pitchy,  and  it  is  entirely 
foluble  in  water.  By  diftillation  in  a  retort,  it  yields 
fome  volatile  alkali,  an  empyreumatic  animal  oil,  and 
much  concrete  volatile  alkali.  After  this  operation,  a 
very  voluminous  coal  remains,  lefs  difficult  of  incinera- 
tion than  thofe  hitherto  fpoken  of.  According  to  M, 
Cadet,  who  has  given  a  very  excellent  paper  upon  the 
analyfis  of  the  bile,  in  the  Memoirs  of  the  Academy, 
1767,  this  coal  contains  mineral  alkali,  a  fait  which  he 
imagines  is  of  the  fame  nature  with  the  fugar  of  milk, 
an  animal-earth,  and  a  fmall  portion  of  iron.  It  muft 
be  obferved,  that  the  diftillation  muft  be  conducted 
flowly,  becaufe  this  fubftance  bubbles  up  confiderably. 

Bile,  expofed  to  a  warm  temperature,  is  very  rea- 
dily altered :  its  fmell  at  firft  becomes  more  and  more 
difagreeable  and  naufeous ;  its  colour  is  deftroyed  ;  it 
precipitates  whitifli  mucilaginous  flocci ;  itlofes  its  vifci- 
dity,  and  very  foon  affumes  a  fetid  and  pungent  odour. 
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When  its  putrefaction  is  far  advanced,  its  fmell  becomes 
fweer  like  amber. 

Bile  diffoives  very  well  in  water. 

The  acids  decompofe  it  like  foaps :  they  occafion  a 
coagulum.  It  this  mixture  is  filtrated,  and  the  filtrated 
liquor  evaporated,  a  neutral  fait  is  obtained,  formed  by 
the  acid  employed  and  the  mineral  alkali ;  that  is,  Glau- 
ber's fait  with  vitriolic  acid,  rhomboidal  nitre  with  the 
nitrous  acid,  and  marine  fait  with  muriatic  acid.  This 
excellent  experiment,  due  to  M.  Cadet,  demonltrates 
the  prefence  of  the  mineral  alkali  in  the  bile.  The  fub- 
ftance  remaining  upon  the  filtre  in  thefe  experiments  is 
thick,  vifcous,  very  bitter,  and  inflammable  ;  its  colour 
and  confidence  vary,  according  to  the  nature  and  the 
degree  of  concentration  of  the  acid  employed  in  its  fe- 
paration.  I  have  obferved,  that  the  vitriolic  acid  gives 
it  a  deep  green  colour,  the  nitrous  a  brilliant  yellow, 
and  the  muriatic  a  beautiful  clear  green.  This  precipi- 
tate is  a  true  refin  :  it  bubbles  up,  melts,  and  kindles 
upon  burning  coals ;  it  totally  diffolves  in  fpirit  of 
v  wine ;  and  water  precipitates  it  as  it  does  the  refinous 
juices.  The  action  of  the  acids  upon  bile,  then,  demon- 
ftrates,  that  this  humour  is  a  true  foap,  formed  by  an 
oil  of  the  nature  of  refins,  united  with  the  mineral  fixed 
alkali. 

The  neutral  falts,  mixed  with  bile,  prevent  its  pafiing 
to  the  putrefactive  ltate. 

The  metallic  folutions  are  decompofed  by  the  bile, 
which  they  decompofe  at  the  fame  time :  the  fixed  al- 
kali of  this  humour  unites  with  the  acid  of  the  folu- 
tion ;  and  the  oil  of  the  bile  precipitates  with  the  meta- 
lic  calx. 

Bile  eafily  unites  with  the  oils,  and  takes  them  out  of 
fluffs  as  foap  does. 

It  diffolves  in  fpirit  of  wine:  this  folution  is  of  a 
greenim  yellow  ;  it  depofites  a  gelatinous  matter,  which 
made  a  part  of  the  bile,  and  which  is  infoluble  in  ar- 
dent fpirit.    The  tincture  of  bile  is  not  decompofed  by 
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water ;  which  demonftrates,  that  this  fubftance  is  a  true 
animal-foap,  equally  foluble  in  aqueous  and  fpirituous 
menflrua.    Ether  alfo  diflblves  it  very  readily. 

Vinegar  decompofes  bile  like  all  the  acids ;  upon  eva- 
porating the  filtrated  folution,  a  mineral  acetous  fait, 
well  cryftallifed,  is  obtained. 

From  thefe  different  experiments  it  follows,  that  the 
bile  is  a  compound  of  a  great  quantity  of  water,  of  an  a- 
romatic  fpiritus  rector,  a  gelatinous  mucilage,  of  an  oil 
of  the  nature  of  the  refins,  and  of  mild  mineral  alkali. 
M.  Cadet  found  in  it  a  fait  of  the  nature  of  fugar  of  milk. 
Befides  that,  M.  Poulletier  de  la  Salle,  to  whom  ana- 
tomy and  animal  chemiftry  are  much  indebted,  found 
in  human  bile,  or  rather  in  biliary  calculi,  which  are 
only  bile  thickened  and  concrete,  a  fait  of  a  particular 
nature,  which  we  {hall  fpeak  of  prefently. 

Bile,  confidered  in  the  animal-ceconomy,  is  a  fluid 
which  feems  to  ferve  the  office  of  digeftion.  Its  foapy 
quality  renders  it  capable  of  uniting  the  oily  matters 
with  water.  Its  bitter  tafte  mows,  that  it  flimulates  the 
inteftines,  and  promotes  their  action  upon  the  aliments. 
M.  Roux,  a  celebrated  phyfician  and  chemift  of  the  Fa- 
culty of  Medicine  of  Paris,  who  to  the  lofs  of  thefe  two 
fciences  died  too  foon,  imagined,  that  the  bile  had 
(till  a  principal  ufe,  that  of  ejecting  from  the  body  the 
colouring  part  of  the  blood.  Perhaps  this  humour  itfelf 
is  decompofed  in  the  duodenum  by  the  acids,  which  are 
almoft  always  evolved  in  digeftion  ;  it  is  certain  at 
lealt  that  it  is  very  much  altered,  particularly  in  its  co- 
lour, as  it  makes  a  portion  of  the  excrements,  which 
it  colours.  On  this  account,  phyficians  draw  very  ufe- 
i'ul  inductions  from  the  infpection  of  the  faeces,  to  know 
what  is  the  ftate  of  the  bile,  and  that  of  the  liver  which 
feparates  it.  The  extract  of  ox-bile  and  of  feveral  other 
animal-matters  is  employed  as  a  very  good  flomachic. 
It  fupplies  the  defect  and  inertia  of  the  bile ;  it  gives 
tone  to  the  ftomach,  and  re-eftablifhes  the  functions 
Of  this  weakened  vifcus :  but  its  ufe  requires  caution, 
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becaufe  it  is  acrid  and  heating ;  and  it  ought  not  to  be 
given  unlets  in  a  fmall  dofe,  especially  to  ienfible  and 
irritable  perfons. 

Of  the  Biliary  Calculi  or  Stones. 

Whenever  human  bile  is  ftopt  in  its  veficula  by 
any  caufe,  and  particularly  by  fpafmodic  contractions, 
as  in  the  melancholia,  hyiteria,  long  vexations,  &c.  it 
thickens  and  produces  brown,  light,  inflammable  con- 
cretions, of  a  very  bitter  tafte,  which  are  called  biliary 
calculi.  Thefe  concretions  are  frequently  in  great  num- 
ber ;  they  dUtend  the  veficula ;  they  fometimes  fill  it 
entirely;  they  produce  violent  hepatic  colics,  vomitings, 
jaundice,  &c. 

Thefe  calculi  have  been  examined  by  M.  Poulleiier 
de  la  Salle.  He  obferved  that  they  were  foluble  in  ar- 
dent fpirit.  Having  fet  thefe  (tones  to  digeft  in  fpirit 
of  wine,  he  remarked  that  this  liquor  was  in  a  little  time 
filled  with  minute,  brilliant,  and  cryftallifed  particles, 
having  all  the  appearance  of  a  fait.  The  experiments 
which  he  made  upon  this  fubject  mowed  him,  that  it 
was  an  oily  fait,  analogous  in  fome  properties  to  the 
acid  fait,  which  we  have  examined  before  under  the  ar- 
ticle Flowers  of  benzoin.  From  the  investigations  of  this 
philofopher,  this  fait  is  contained  only  in  the  biliary  cal- 
culi of  man  :  it  was  not  found  in  thofe  of  the  ox. 

The  difcovery  of  M.  Poulletier  de  la  Salle  comes 
to  be  in  part  confirmed  by  facts  collected  by  the  Royal 
Society  of  Medicine,  particularly  upon  the  (tones  of 
the  veficula  fellis.  This  company  has  received  from 
feveral  phyficians  biliary  calculi  of  a  particular  nature, 
which  have  not  yet  been  defcribed.  They  are  collec- 
tions of  tranfparent  cryftahine  lamina,  fimilar  to  mica 
or  talc,  which  have  abfolutely  the  fame  form  as  the  fait 
formed  by  M.  Poulletier.  It  appears  alfo,  that  human 
bile  may  yield  a  great  quantity  of  thefe  cryftals ;  fincc 
the  Society  of  Medicine  has  in  its  collection  of  calculi 
a  veficula  fellis,  entirely  filled  with  this  tranfparent  faline 
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concretion.  A  full  defcription  of  thefe  calculi  may  be 
found  ;in  the  third  volume  of  this  company.  It  is  to 
be  wifhed,  that  the  nature  of  thefe  calculi  were  exa- 
mined :  refearches  of  this  kind  can  be  of  ufe  only  to 

medicine.  . 

From  thefe  details  it  is  proper  that  two  forts  of  bili- 
ary calculi  be  diftinguifhed  :  the  one  is  opaque,  fragile, 
inflammable,  and  truly  bilious ;  it  is  a  fort  of  natural 
bilious  extract.  The  other  is  tranfparent,  cryftallifed  in 
laminae ;  and  they  appear  to  be  a  faline  principle  con- 
tained in  the  bile,  which  exifts  perhaps  in  greater  quan- 
tity in  certain  morbific  affections  of  this  fluid,  than  in 
the  natural  ftate  ;  and  which  in  this  cafe  is  difpofed  to 
precipitate  and  cryftallife  whenever  the  bile  is  ftopt  in 
great  quantity  in  the  veficula, 

Of  the  Saliva  and  Pancreatic  Juice. 

Anatomists  and  phyfiologifts  have  found  a  great 
analogy  between  the  faliva  and  pancreatic  juice.  The 
falivary  glands  and  the  pancreas  have  indeed  a  ftruc- 
ture  quite  analogous  j  and  the  ufe  of  the  humour  which 
thefe  organs  prepare  appears  to  be  the  fame.  Man 
and  quadrupeds  appear  to  be  the  only  animals  in  which 
this  humour  is  fecreted  ;  at  lea  ft  falivary  glands  have 
not  been  found  in  moll  of  the  other  animals. 

Chemifts  have  no  exact  knowledge  on  this  fubjecl. 
There  is  nothing  the  caufe  of  this  but  the  extreme  dif- 
ficulty of  procuring  even  a  very  fmall  quantity.  We 
only  know,  that  the  faliva  is  a  very  fluid  juice,  fecreted 
by  the  parotid  and  feveral  other  glands,  which  runs  con- 
tinually into  the  mouth,  but  in  greater  abundance  in  ma- 
ftication.  This  humour  feems  to  be  foapy,  impregna- 
ted with  air,  which  renders  it  frothy ;  it  leaves  only 
very  little  refiduum  when  it  is  evaporated  to  drynefs. 
Salivary  concretions,  however^  are  fometimes  formed 
in  the  canals,  which  ferve  for  the  conveyance  of  this  hu- 
mour into  the  mouth.  It  appears  to  contain  an  ammo- 
niacal  fait,  as  lime  and  the  cauftic  fixed  alkalis  difengage 
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from  it  a  pungent  and  urinous  odour.  Dr  Pringle's 
experiments  (how  that  it  is  very  feptic,  and  that  it  fa- 
vours digcftion  by  commencing  a  putridity  in  the  ali- 
ments *. 

Of 

*  All  the  fluids  employed  in  the  digeftion  of  the  food  have  been 
particularly  mentioned  by  M.  Fourcroy,  except  the  gaflric  liquor, 
which  pofTcfTca  the  moft  curious  properties,  though  perhaps  its  che- 
mical nature  is  the  lead  underftood.  A  liquor  of  this  kind,  acling 
as  a  folvent,  has  long  been  known  to  exift  in  the  ftomachs  of  all 
animals  with  membranous  ftomachs,  capable  of  diflblving  the  food 
upon  which  the  animals  lived.  M.  Reaumur  made  a  number  of  ex- 
periments upon  the  digeftive  powers  of  a  hawk's  ftomach,  by  inclo- 
ling  a  variety  of  fubftances  in  a  metallic  tube  perforated  with  holes  : 
and  the  refult  of  all  his  experiments  was,  that  the  gaftric  liquor  of 
the  hawk  was  capable  of  diflblving  flefli,  bones,  and  mod  animal 
fubftances  ;  but  that  it  had  no  effe£t  upon  the  roots,  leaves,  and 
feeds  of  plants,  or  upon  any  of  the  vegetable  mauers  upon  which 
the  herbivorous  animals  feed.  Similar  experiments  have  alfo  been 
made  upon  dogs'and  other  animals,  the  ftrufiure  of  whofe  ftomach3 
refembles  the  ftrufture  of  the  human  ftomach,  which  lead  to  the 
fame  conclufion  :  fo  that  there  was  every  reafon  to  in£er  from  ana- 
logy, that  the  procefs  of  digeftion  was  conducted  after  the  fame 
manner  in  the  human  ftomach.  This  conjecture  was  not  however 
brought  to  the  teft  of  experiment,  until  Dr  Edward  Stevens  got  an 
opportunity  to  try  the  fadt  upon  a  Hungarian  traveller,  who  could 
fwallow  large  ftones  without  hurting  his  health. 

Dr  Stevens  gave  him  a  variety  of  fubftances  to  fwallow,  inclofed 
within  filver  balls  which  had  holes  pierced  in  them.  The  balls 
pafled  through  the  whole  courfe  of  the  alimentary  canal  in  the 
courfe  of  30  hours  ;  fome  days  the  time  was  longer,  others  fhorter. 
Upon  examination,  the  different  fubftances  were  found  to  have  been 
attacked  by  the  gaftric  liquor,  and  to  be  partially  diffulved  ;  at 
other  times  they  were  completely  diffulved,  or  reduced  into  the  con- 
fidence of  a  pulpy  mafs  ;  but  at  no  time  were  they  ever  found  to 
emit  any  thing  of  a  fetid  fmell,  or  to  be  in  the  leaft  tainted  with 
corruption.  The  flefh  of  quadrupeds,  birds,  and  fifh.es,  apples, 
potatoes  ;  all  of  them,  both  raw  and  cooked,  were  expofed  to  the 
adion  of  the  gaftric  liquor,  and  all  were  diffolved.  The  gaftric  li- 
quor was  not  able  to  diflblve  bones  ;  and  fome  of  the  leguminous 
feeds  were  little  affedted  by  its  action. 

The  reft  of  ihefe  curious  experiments  will  be  met  with  in  DrStc- 
ve'ns's  Thefis,  publifhed  at  Edinburgh  in  the  year  1777. 

It  feeros,  however,  moft  extraordinary,  that  fo  powerful  a  men- 
ftruura  of  animal  fubftances  fliould  not  ad  upoa  the  ftomach  itfelf, 

which 
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Of  the  Seminal  Fluids. 

The  chemical  nature  of  the  feminal  fluid  is  ft  ill  Iefs 
known  than  that  of  the  two  preceding  fluids.  The  few 
obfervations  which  it  has  been  poflible  to  make  upon 
this  humour,  have  fhown,  that  it  approached  to  animal 
mucilages  ;  as  it  became  fluid  by  cold  and  by  heat, 
and  as  the  action  of  the  fire  reduced  it  into  a  dry  and 
friable  fubftance. 

Anatomical  and  microfcopical  obfervations  have  gone 
farther  than  chemical  experiments.  They  have  dernon- 
ftrated,  that  the  femen  is  an  ocean  in  which  fmall  round 
bodies  fwim,  endued  with  a  rapid  motion,  confidered  by 
fome  as  living  animals  deftined  to  reproduce  the  fpecies  ; 
and  by  others  as  organic  molecules,  proper  for  forming 
by  their  approach  a  living  animal.  But  we  muft  afiert, 
that  thefe  elegant  experiments  have  contributed  nothing 
to  the  advancement  of  fcience,  and  that  they  have  given 
rife  only  to  fome  ingenious  conje&ures. 


LECTURE  LXVI. 
0/*  Urine. 

URINE  is  a  tranfparent  excrementitious  fluid,  of  a 
citron  yellow,  of  a  particular  fmell,  and  faline 
talte,  feparated  from  the  blood  by  two  glandular  vifcera, 
1  called 

which  h  continually  expofed  to  the  aflion  of  the  gaftric  liquor. 
This  power  of  refilling  folution  has  been  by  Mr  Hunter  afcnbed 
to  the  living  principle  of  the  ftomach,  which  enables  it  to  refift  di- 
geftion.  Mr  Hunter  was  led  to  this  opinion,  by  finding  the  fto- 
mach of  a  perfon  who  died  a  violent  death,  without  any  previous 
complaint,  partly  diflblved,  and  partly  reduced  into  a  pulpy  mafs 
I'he  body  was  opened  foon  after  death ;  and  in  fimilar  cafes  the 
fame  appearance  has  occurred  to  other  obfervers. 

We  are  therefore,  from  confideration  of  all  the  faBs,  to  regard 
the  gaftric  liquor  as  a  very  curious  chemical  folvent,  diftinguiihed 
fcy  peculiarities  which  we  do  not  find  to  prevail  in  any  other  roen- 
■ftruum  we  know.  ' 
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called  the  kidneys,  and  conveyed  from  thefe  organs  into 
a  rcfervoir,  which  is  every  where  known  by  the  name 
of  bladder,  where  it  remains  fome  time  :  it  is  a  kind  of 
ley  charged  with  the  acrid  matters  contained  in  the  ani- 
mal humours ;  which  if  too  long  retained  in  the  body, 
would  produce  diforder  in  the  functions.  Urine  is  a  fo- 
lutionof  a  great  number  of  falts,  and  particularly  of  ex- 
tractive matters.  When  it  is  recent,  it  turns  the  fyrup 
of  violets  neither  green  nor  red  :  it  varies  in  quantity 
and  quality  from  feveral  circumfbnees.  That  of  man, 
which  we  propofe  to  examine  in  particular,  differs  from 
that  of  quadrupeds.  In  the  other  claffes  of  animals  it 
exhibits  ftill  greater  differences.  The  ftate  of  the  fto- 
mach,  and  that  of  the  humours  in  particular,  produces 
an  infinity  of  changes,  which  it  will  be  impoffible  to  ap- 
preciate till  a  fet  of  experiments  be  completed,  which  have 
been  only  begun  :  we  (hall  therefore  confine  ourfelyes 
to  human  urine  in  its  ftate  of  health. 

This  fluid  is  diftinguifhed  by  knowing  phyiicians  into 
two  kinds :  the  one,  called  urine  of  the  drink,  or  crude 
urine,  flows  a  little  time  after  repaft  ;  it  is  clear,  almofl 
taftelefs  and  inodorous ;  it  contains  much  fewer  prin- 
ciples than  the  other,  which  is  called  urine  of  the  blood, 
or  urine  of  coclion :  this  is  fecreted  only  when  digeftion 
is  finifhed,  and  it  is  feparated  from  the  blood  by  the 
kidneys ;  whilft  the  former  feems  to  filtrate  partly  from 
the  ftomach  and  inteltines -immediately  into  the  blad- 
der through  the  cellular  texture. 

The  ftate  of  the  health,  and  particularly  the  difpofi- 
tion  of  the  nerves,  Angularly  modify  the  urine.  After 
byfterical  or  hypocondriacal  paroxyfms,it  flows  in  con- 
fiderable  quantity :  it  has  no  fmell,  tafte,  nor  colour. 
The  difeafes  of  the  bones  and  articulations  have  Angu- 
lar influence  upon  the  animal  ley.  It  conveys  often  a 
great  quantity  of  matter,  apparently  earthy,  but  which 
appears  to  be  a  calcareous  phofphoric  fait,  as  we  fhall  take 
more  notice  afterwards:  fuchis  the  depofition  of  the  urine 
of  gouty  perfons.  Meffrs  Heriffant  and  Morand,  in  par- 
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ticular,  have  obferved,  that  when  the  bones  are  altered 
and  fattened,  the  patients  void  a  urine  which  depofites  a 
great  quantity  of  this  matter.  It  feems  alfo,  that  in  the 
itate  of  health,  the  urine  conveys  the  quantity  of  this 
matter,  the  bale  of  the  bones,  which  is  fuperfluous  in 
the  nutrition  and  reparation  of  thefe  organs. 

Many  aliments  are  fufceptible  of  communicating  cer- 
tain particular  properties  to  the  urine.  Turpentine  and 
afparagus ;  the  former  gives  it  a  violet,  the  fecond 
a  very  fetid,  colour.  Perfons  with  weak  ftomachs  void 
urine  which  retain  the  fmell  of  the  aliments  taken  in. 
Bread,  garlic,  onions,  broth, #and  all  vegetables,  com- 
municate to  their  urine  a  fmell  which  diftinguifhes  thefe 
fubflances.  We  have  obferved  that  this  fluid  does  not 
alter  the  fyrup  of  violets  when  it  is  frefh  ;  kept  fome 
time,  it  turns  it  green  inftantly.  Sometimes  urine  ren- 
ders it  green  the  moment  it  is  voided  ;  fometimes  it 
reddens  it,  fince  M.  Macquer  obferved  this  property 
among  the  melancholia  who  had  made  ufe  of  greens  or 
wine.  From  all  thefe  details,  we  conceive,  that  urine 
prefents  phenomena  to  phyficians,  from  which  they  may- 
gain  great  advantage  in  practice.  We  inuft  beware  of 
imagining  that  we  can  judge,  from  the  infpection  alone  of 
the  urine,  of  a  difeafe,  the  fex  of  a  patient,  and  the 
proper  remedies,  as  certain  quacks  pretend. 

Human  urine,  confidcred  anent  its  chemical  proper- 
ties, is  a  folution  of  a  great  number  of  different  fub- 
flances. Some  are  falts  refembling  the  mineral ;  and 
which,  as  M.  Macquer  thinks,  come  from  the  aliments, 
and  have  fuffered  no  alteration.  Others  are  fubftances 
analogous  to  the  extractive  principles  of  vegetables. 
Laftly,  there  are  fome  which  appear  particular  to  ani- 
mals, and  even  to  the  urine,  or  at  leaft  which  have  not 
been  found  in  the  products  of  the  other  kingdoms,  nor 
even  in  the  other  animal  fubftances,  except  urine.  After 
having  mown  the  means  employed  for  the  extraction  of 
the  different  fubftances  from  urine,  we  ftiall  give  the 
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hiftory  of  thefe  matters  which  are  proper  to  this  fluid, 
and  of  which  we  have  as  yet  had  no  knowledge. 

Recent  urine,  diftilled  in  a  balneum  mariae,  yields  a 
great  quantity  of  phlegm,  which  is  neither  acid  nor  al- 
kaline, but  which  readily  putrefies.  As  this  phlegm 
contains  nothing  particular,  urine  is  generally  evapora- 
ted in  an  open  fire.  In  proportion  as  the  water,  which 
makes  more  than  feven  eighths  of  this  animal  humour, 
difiipates,  the  urine  affumes  a  brown  colour ;  a  pow- 
dery matter  feparates,  which  has  an  earthy  appearance, 
which  has  been  taken  for  felenite,  but  which  is  a  true 
fait,  of  little  folubility,  compofed  of  phofphoric  acid 
and  lime.  This  fait  is  of  the  fame  nature  as  the  bafe 
of  the  bones  ;  and  we  mail  fpeak  of  its  properties  in  the 
hiftory  of  thefe  organs.  When  urine  has  acquired  the 
confiftence  of  a  clear  fyrup,  it  is  filtrated  and  put  into 
a  cool  place:  it  there  depofites  faline  cryftals,  which 
are  made  up  of  two  particular  faline  fubftances,  accor- 
ding to  the  difcovery  of  M.  Rouelle.  Thefe  cryftals 
are  known  by  the  name  of  fufible  fait,  native  fait  of 
urine :  we  mail  examine  its  properties  in  a  particular 
article.  Thefe  cryftals  may  be  collected  at  feveral  times 
by  repeated  evaporations  and  cryftallifations.  In  thefe 
fucceffive  evaporations,  a  certain  quantity  of  marine 
and  febrifugal  fait  cryftallifes  :  when  the  urine  yields 
no  more  faline  matter,  it  is  in  the  ftate  of  a  very  thick 
brown  fluid,  a  kind  of  mother-water,  and  it  holds  dif- 
folved  two  particular  extra&ive  fubftances.  By  evapo- 
ration to  the  confidence  of  a  foft  extract,  and  trituring 
the  refiduum  with  fpirit  of  wine,  M.  Rouelle  difcover- 
ed,  that  a  portion  diflblved  in  this  menftruum,  and  that 
another  remained  undiflblved.  The  fir  ft  has  been  call- 
ed a  foapy  matter,  and  the  fecond  an  extractive. 

The  foapy  fubftance  is  faline  and  fufceptible  of  cry* 
ftallifation.  It  dries  only  difficulty ;  and  in  this  ftate 
it  attracts  the  air's  humidity.  It  yields  to  the  retort 
more  than  half  of  its  weight  of  volatile  alkali,  a  little  oil, 

and 
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and  fome  fal  ammoniac :  its  refiduum  turns  the  fyrup 
of  violets  green. 

The  extractive  fubftance,  foluble  in  water  and  not  in 
fpirit  of  wine,  dries  eafilyina  balneum  marias,  like  the 
extracts  of  plants :  it  is  black,  lefs  deliquefcent  than 
the  former  :  it  yields  to  diftillation  all  the  products  of 
animal  matters.  Such  are  the  characterise  properties, 
according  to  M.  Rouelle,  that  diftinguifh  thefe  two 
fubflances  which  form  the  extract  of  urine.  To  thefe 
details  let  us  add,  that  this  celebrated  chemift  extracted 
from  an  ounce  to  more  thaji  an  ounce  and  a  half  of  ex- 
tract from  a  pint  of  urine  voided  after  cocYion,  whilft 
a  like  quantity  of  crude  urine  gave  only  one,  two,  or 
three  gros. 

If,  inftead  of  feparating  by  means  of  fpirit  of  wine 
this  extract  of  urine  into  two  diftinct  matters,  it  is  fully 
diftilled  in  a  naked  fire,  it  furnilhes  a  great  deal  of  vo- 
latile alkali,  a  very  fetid  animal  oil,  fome  fal  ammoniac, 
and  a  little  phofphorus.  Its  coal  contains  a  little  com- 
mon fait.  This  analyfis  of  urine  mows,  therefore,  that 
this  little  is  formed  of  a  great  quantity  of  water,  a  little 
marine  fait,  calcareous  phofphoric  fait,  or  the  bafe  of 
the  bones,  a  very  great  quantity  of  fufible  fait,  and 
two  particular  extractive  matters.  Before  we  enter 
upon  the  examination  of  the  fufible  fait,  to  which 
we  mould  direct  a  particular  attention,  let  us  profecute 
the  action  of  the  different  menftrua  upon  urine. 

Urine,  expofed  to  the  air,  is  altered  lb  much  the  falter 
the  hotter  the  atmofphere :  at  firft  depofitions  are  formed, 
by  fimple  cooling  ;  feveral  faline  matters  cryftallife  at  its 
furface  and  bottom,  and  frequently  a  reddilh  fait  called 
gravel.  Nobody  has  paid  more  attention  to  the  fpontane- 
ous  alterations  of  this  fluid  than  M.  Halle  my  colleague. 
He  diltinguilhed,  in  the  decompofition  of  urine  left  to  it- 
felf,  feveral  times,  at  which  the  nature  of  the  fediment,  or 
of  the  cryftals  depofited,  and  likewife  the  changes  which 
they  undergo,  arc  evidently  different.  It  is  not  our  ob- 
ject to  treat  at  full  length  of  thefe  changes,  which  will  be 
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found  accurately  defcribed  in  an  excellent  paper  writ- 
ten  by  the  phyfician  above  mentioned,  and  which  will 
be  printed  among  thole  of  the  Royal  Society  of  Medi- 
cine. We  wilh  to  Ihow  here  only  the  great  alterations 
which  the  urine  fuffers.  Very  foon  after  cooling,  its 
fmell  alters,  is  exalted,  and  emits  volatile  alkali ;  its 
colouring  part  changes,  and  feparates  from  the  reft  of 
the  liquor;  at  lad  this  alkaline  odour  is  diflipated,  and 
to  it  fucceeds  another,  which  is  lefs  pungent,  but  more 
dilagreeable  and  naufeous ;  and  the  decompofition  be- 
ing complete  terminates.  M.  Rouelle  obferved,  that 
crude  and  ferous  urine  did  not  putrefy  fo  quickly  ;  that 
its  fmell,  when  it  altered,  differed  greatly  from  that  of 
the  urine  of  coclion  ;  and,  laflly,  that  it  was  covered 
with  mouldinefs,  like  the  juices  of  vegetables  and  the 
folutions  of  animal  gellies.  M.  Halle  has  feen  certain 
fpecimens  of  urine  pafs  to  the  acid  before  the  putrid  fer- 
mentation. Urine,  putrefied  for  a  year  and  more, 
fubjecled  to  evaporation,  yields  fufible  fait  juft  like  re- 
cent urine;  but  it  contains  a  portion  of  the  acid  of  this 
'fait  uncombined  ;  fo  that  it  raifes  an  effervefcence  with 
the  mild  alkalis.  The  putrefaction  volatilifed  a  part  of 
the  volatile  alkali.  When  it  is  evaporated,  the  fait  de- 
pofited  upon  the  fides  of  the  bafon  is  acid,  and  likewife 
effervefces  with  the  oil  of  tartar.  This  obfervation  is  , 
due  to  M.  Rouelle  junior. 

Lime  and  the  fixed  alkalis  inftantly  decompofe  the 
falinc  principles  contained  in  the  urine :  it  is  fufficient 
for  this  purpofe  to  pour  fome  cauftic  fixed  alkali,  or  to 
throw  fome  quicklime  into  recent  urine,  and  an  in- 
fupportable  putrid  alkaline  odour  is  evolved.  It  feems 
that  it  is  from  the  decompofition  of  the  fufible  fait  that 
thefe  fubftances  produce  this  odour.  M.  Bertholet,  my 
colleague,  difcovered,  that  lime-water  furnifhed  a  pre- 
cipitate in  recent  urine,  and  that  phofphorus  might  be 
extracted  from  this  precipitate. 

The  acids  have  no  action  upon  recent  urine  j  but 
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they  readily  deftroy  the  putrid  fmell  of  urine,  and  that 
of  the^depofitions  which  it  forms  in  this  ftate. 

Urine  decompofes  feveral  mercurial  folutions.  Le- 
mery  exhibited,  under  the  name  of  red  precipitate,  a 
magma  of  a  rofy  colour,  which  is  formed  when  fome 
nitrous  mercurial  folution  is  poured  into  urine.  This 
precipitate  is  in  part  formed  by  the  marine  acid,  and 
in  part  by  the  acid  of  the  fufible  fait  contained  in  this 
fluid.  M.  Brogniart  obferved,  that  this  preparation 
fometimes  kindled  by  friction,  and  confumes  rapidly 
upon  burning  coals.  This  he  attributed  to  a  little  phos- 
phorus. 

Such  is  the  prefent  ftate  of  our  knowledge  of  the 
chemical  properties  of  urine  :  there  (till  remains  a  great 
deal  to  be  done,  to  complete  what  analyfis  may  difcover 
upon  this  fubjecl: :  it  will  be  neccflary  to  examine  the 
different  depofitions  obferved  in  the  urine,  which  are 
completely  diftinguifhed  by  M.  Halle  ;  the  red  or  tran- 
fparent  fatine  concretions  which  are  formed  in  it ;  the 
copious  fediment  which  the  urine  lets  fall  after  gouty 
paroxyfms,and  of  that  of  patients  attacked  with  the  ftone.  • 

We  are  jufh  now  going  to  examine,  in  fo  many  par- 
ticular paragraphs,  the  faline  products  which  arc  ex- 
tracted from  urine,  and  with  whofe  properties  it  is  ne- 
ceffary  to  be  well  acquainted. 

§  I.  Of  the  fufible  or  native  Salt  of  Urine;  or  of  the 
phofphoric  ammoniacal  Salt, 

The  fait  which  is  obtained  by  the  cooling  and  rc- 
pofe  of  urine,  evaporated  to  the  confidence  of  fyrup, 
has  been  called  fufible  fait,  becaufe  it  fufes  with  the 
fire,  as  we  mall  prefently  fee,  effential  fait  of  urine,  and 
microcofmic  fait.  The  name  of  phofphoric  ammoniacal 
fait  fuits  it  beft,  becaufe  it  is  formed  of  the  particular 
acid  of  which  phofphorus  is  made,  and  of  the  volatile  al- 
kali. 

Several  authors,  and  among  the  reft  MefTrs  Margraaf, 
Rouellc,  Pott,  Schloffcr,  and  the  D  uc  de  Chaulnes, 
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have  begun  to  examine  the  properties  of  this  fait :  ne- 
verthelefs,  we  are  not  acquainted  with  them  all,  as  we 
mall  fee  from  the  following  obfervations.  M.Prouft 
has  made  a  precious  difcovery  upon  the  nature  of  this 
fait,  as  we  mail  prefently  obferve. 

This  fait,  obtained  by  the  procefs  juft  now  defcri- 
bed,  is  not  pure  ;  it  is  rendered  impure  by  an  extrac- 
tive matter,  and  is  frequently  mixed  with  fomeJnarine 
fait :  it  is  purified  by  folution  in  diftilled  water  and  eva- 
poration, or,  {till  better,  by  allowing  this  folution  to 
evaporate  in  the  open  air.  The  form  of  its  cryftals  has 
not  yet  been  accurately  defcribed  :  fometimes  they  ap- 
pear to  be  octagons,  and  in  other  circumftances  it  is 
obtained  under  the  form  of  flat  rhomboids,  cut  en  bi- 
feau  upon  the  fides,  and  placed  obliquely,  and  as  if  co- 
vering one  other.  M.  Rome  de  Lifle  defines  them  re- 
gular four  fided  figures,  formed  of  four  equilateral  tri- 
angles. M.  Rouelle  has  obferved,  that  its  form  varied 
cgregioufly.  Its  tafte  is  cool  and  pungent :  this  fait  turns 
the  fyrup  of  violets  green. 

When  it  is  put  upon  burning  coals,  it  bubbles  up, 
emits  a  volatile  alkaline  odour, and  fufes.  If  if  is  diftilled 
in  a  retort,  very  penetrating  cauftic  volatile  alkali  is  ob- 
tained. The  refiduum  is  a  tranfparent  glafs,  very  fixed 
and  fufible ;  which,  according  to  M.  Margraaf,  is  fo- 
luble  in  two  or  three  parts  of  diftilled  water,  and  pre- 
fents  the  characters  of  an  acid.  It  has  always  been  fup- 
pofed,  fince  the  experiments  of  this  chemift,  that  this 
glafs  was  pure  phofphoric  acid  ;  but  M.  Prouft  difco- 
vered  in  it  a  particular  fubftance  which  is  united  with 
this  acid,  and  which  covers  its  properties.  We  (hall 
treat  of  this  fubftance  in  a  feparate  article.  It  is  fuffi- 
cient  to  obferve  here,  that  the  fufible  fait  feemed  to  be 
a  compound  of  three  bodies. 

The  fixed  alkali,  vegetable  or  mineral,  and  lime,  de- 
compofe  fufible  fait,  and  difengage  its  volatile  alkali. 
It  decompofes  mercurial  marine  fait,  without  touching 
mercurial  nitre. 

Laftly, 


AND  CHEMISTRY. 


441 


Laftly,  When  a  mixture  of  two  parts  of  this  fait  to 
one  of  charcoal  is  ftrongly  heated  in  a  retort,  a  iolid 
product  is  obtained,  combuftible  in  the  open  air,  which 
is  known  by  the  name  of  phofphorus,  whofe  properties 
mall  be  more  fuJly  noticed  afterwards, 

§  2.  Of  the  Sub/lance  d'fcovered  by  Mefrs  Pott,  Margraaf, 
andProujl,  in  the  fufible  Salt".  (See  Phyfical  Journal, 
.vol.  xvii.  p.  j 45.) 

M.  Proufl,  jufl:  as  M.  Rouelle,  was  furprifed  at  the 
fmall  quantity  of  phofphorus  which  is  obtained  from 
fufible  fait  treated  with  charcoal,  and  at  the  weak  tafle 
of  the  vitreous  1  efuluum  of  this  fait,  when  fufed  and  de- 
compofed'by  the  fire,  and  fufpecled  that  this  matter  was 
not  the  pure  phofphoric  acid,  and  that  it  contained 
fome  fubftance  incapable  of  forming  phofphorus :  con- 
fequently,  after  having  diftilled  a  mixture  of  one  part 
of  fufible  fait  and  a  half  part  of  charcoal,  and  having" 
obtained  all  the  phofphorus,  he  warned  the  refiduum 
of  the  retort  with  diftilled  water ;  he  filtrated  and  eva- 
porated the  ley  in  the  open  air ;  he  got  parallelogram 
crydals,  an  inch  long,  laid  horizontally  upon  one 
another.  Their  quantity  amounted  from  five  to  fix 
gros  in  the  ounce  of  phofphoric  glafs.  MefTrs  Pott  and 
Margraaf  obtained  this  fait  by  waflringthe  refiduum  of 
the  phofphorus  formed  with  fufible  fait  and  charcoal ;  but 
the  former  confidered  it  as  a  fclenitic  earth  ;  the  latter 
does  not  explain  its  nature,  and  he  fufpects  that  it  con- 
tains ftill  a  little  phofphoric  acid.  M.  Proufl  has  paid 
more  attention  to  it ;  he  has  pointed  out,  by  accurate 
experiments,  feveral  of  its  properties,  and  chiefly  its 
ftate  in  the  fufible  fait.  From  this  chemid  we  fhall 
borrow  the  examination  of  this  fublfance. 

The  fait,  the  bale  of  the  phofphoric  glafs,  cryflal- 
lifes  regularly,  as  we  have  feen  :  its  tafte  is  flightly  al- 
kaline :  it  turns  the  fyrup  of  violets  green. 

Expofed  to  the  fire  in  a  crucible,  it  bubbles  up, 
lofes  the  water  of  its  cryftallifation,  reddens,  and  fufes. 
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The  glafs  which  it  forms  is  very  fluid,  and  turns  opaque 
upon  cooling.  Poured  upon  burning  coals,  when  in 
fufion,  it  gives  a  green  colour  to  the  flame. 

Expofed  to  the  air,  it  efflorefces. 

An  ounce  of  hot  water  can  diflblve  about  five  gros 
of  this  fait  cryftallifed.  This  folution  yields  cryftals  by 
cooling. 

The  fait,  the  bafe  of  the  phofphoric  glafs,  dif- 
folves  the  earthy  fubftances  by  means  of  fufion,  and 
forms  with  them  different  glafles. 

It  unites  with  and  faturates  the  alkalis.     It  is 
found  in  human  urine,  even  combined  with  the  mine- 
ral alkali ;  and  forms  a  particular  fait,  to  be  examined, 
afterwards. 

It  diffolves  in  the  mineral  acids,  and  divides  their 
water  of  folution,  but  fpirit  of  wine  precipitates  it.  It: 
yields  with  the  phofphoric  acid,  obtained  from  the 
,  phofphorus,  a  mixt  fubftance,  fufceptible  of  a  vitreous> 
form,  and  which  makes  part  of  the  fufible  fait  of  urine,, 
or  of  phofphoric  ammoniacal  fait,  as  we  have  already 
faid.  ' 

It  decompofes  nitre  and  marine  fait,  feparating  their 
acids,  and  uniting  with  their  bafe,  as  Margraaf  has  al- 
ready obferved. 

Laflly,  it' does  not  form ,  phofphorus  when  diftilledl 
with  charcoal. 

Thefe  details  demonftrate,  that  the  fait,  the  bafe  oft 
the  phofphoric  fait,  is  a  particular  fubftance,  owing,, 
according  to  M.  Prouff,  to  the  work  of  animalifation.. 
This  chemifl  had  obferved,  that  this  fubftance  has  greatt 
analogy  with  the  fedative  fait,  in  its  fufibility,  its  pro- 
perly of  tinging  flame  green,  of  decomposing  vitreous; 
and  marine  falts,  and  of  forming  with  the  alkalis  parti- 
cular neutral  falts.  However,  it  widely  differs  in  the- 
form  of  its  cryftals,  in  its  alkaline  tafte,  and  property 
of  turning  fyrup  of  violets  green,  in  its  efRorefcence,. 
infolubility  in  fpirit  of  wine,  &c. 

A-slo-  the  nature  of  this  lingular  fubftance,  the  exa- 

mina- 
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mination  of  which  interefls  chemifls  and  phyficians,  M. 
Prouft  fays,  that  its  anfwer  is  found  ;  but  that  it  fo  nearly 
relates  to  one  of  the  mod  important  problems  in  che- 
miftry,  that  he  imagines  he  mould  not  give  the  one 
without  the  other  *. 

§  3.  Of  the  fufible  Salt  with  Bafe  of  Natrum,  extracted 
from  U rine. 

M.  Margraaf  has  remarked,  that  fufible  ammonia" 
cal  fait  of  urine  was  mixed  with  another  fort  of  neutral 
fait,  which  greatly  differs  from  it.  M.  Haupt  has  al- 
ready made  known  feveral  of  the  properties  of  this  fe- 
cond  native  fait  of  urine,  which  he  has  called  mirabile 
yerlatum;  but  Meff.  ftouelle  and  Prouft  have  refumed 
the  full  examination  of  this  fait,  and  to  this  laft  chemift 
in  particular  we  owe  an  accurate  knowledge  of  this 
Halt. 

When  fufible  or  ammoniacal  fait  is  purified,  about 
the  end  of  its  cryftallifation,  and  above  it,  there  are 
formed  fine  faline  groups  of  another  nature,  whofe  cry- 
ftals  are,  according  to  M.  Rouelle,  flattened  four-fided 
prifms,  irregular,  having  one  of  the  extremities  two- 
fided,  and  compofed  of  two  rhomboids  cut  contrary- 

F  f  2  wife, 

*  M.  Proud  fay9,  that  it  is  aftonifhing  M.  Margraaf  did  not 
difcover  the  fubftance  united  with  the  phofphoric  acid  of  the  fu- 
fible fait,  and  which  deprives  it  of  its  acid  properties  in  the  glafly 
refiduum  of  this  fait,  expofed  to  the  action  of  heat.  However,  up- 
on reading  Margraaf's  D'ffertaiion,  intitled,  '-Chemical  Examina- 
tion of  a  Salt  of  Urine,  very  remarkable,"  (firil  volume  of  his  che- 
mical works,  Paris  1762,  p.  123.)  it  is  found,  p,  172,  173,  174. 
that  M.  Margraaf,  after  having  diltiiled  an  ounce  of  tufiblc  lalt,  fe- 
paraled  from  its  urinous  part,  with  half  an  ounce  of  foot,  aud  ha- 
ving extracted  a  gros  of  very  fine  phofphorus,  he  wafhed  in  boiling 
diftilled  water  the  caput  mortuum  of  this  operation  ;  that  this  ley, 
filtrated  and  evaporated,  produced  feven  gros  of  long  cryflals,  which 
became  dry  in  the  air,  but  which  was  reduced  imo  a  farina  by  heat. 
Thefe  cryltals,  treated  with  charcoal,  gave  no  phofphorus  :  diffoi- 
ved  in  water,  they  precipitated  metallic  folutions,  decompofed  nitre 
and  marine  fait  in  fmall  quantity.  Thefe  cryftals  appear  to  be  j uLt 
the  fubftance  marked  by  M.  Prouft. 
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wife,  and  the  other  adheres  to  the  bafe.  The  fides  of 
the  prifm  are  alternate  irregular  prifms,  and  two  long 
pyramids  cut  en  b'ifeau  *  It  is  this  fait  which  M.  Rouelle 
called  fufible  fait  with  bafe  of  natrum.  He  fuppofed 
that  it  was  formed  of  phofphoric  acid  and  mineral  alka- 
li. The  details  to  be  offered,  according  to  M.  Prouft, 
will  prove  that  it  is  not  this  acid  which  enters  into  its 
compofition. 

Fufible  fait  with  bafe  of  natrum  deferves  this  name, 
becaule  when  it  is  expofed  to  the  fire  in  a  crucible,  it 
fufes  and  yields  a  glafs  which  becomes  opaque  upon 
cooling:  heated  in  a  retort,  it  yields  only  a* phlegm, 
without  any  mark  of  its  being  acid  or  alkaline. 

It  dhTolves  very  well  in  diddled  water,  and  cryftal- 
lifes  by  cooling  :  its  folution  renders  the  fyrup  of  violets 
green. 

The  fufible  fait  with  bafe  of  natrum  yields  no  phof- 
phorus  with  charcoal.  Meffrs  Rouelle,  Margraaf,  and 
Prouft,  have  proved  this  important  fa£t  j  and  it  is  un- 
4  doubtedly  this  phenomenon  which  has^induced  this 
chemift  to  undertake  a  more  complete  examination  of 
its  nature. 

Lime  decompofes  this  fait ;  and  it  has  more  affinity 
\vith  the  fubftance,  which,  as  {hall  be  more  fully  ex- 
plained after,  holds  here  the  place  of  an  acid,  than 
with  the  mineral  alkali.  If  fome  lime-water  is  poured 
into  a  folution  of  this  fait,  a  precipitate  forms,  and  the 
mineral  alkali  remains  pure  and  cauftic  in  folution. 

The  mineral  acids,  and  even  diftilled  vinegar,  de- 
compofe  it  in  an  inverfe  manner.  By  the  aftion  of  the 
acids,  M.  Prouft  difcovered  the  nature  of  this  fait.  M. 

Rouelle 

*  It  were  to  be  wifhed  that  all  cryftals  were  defcribed  with  the 
fame  accuracy  with  thefe.  M.  Rome  de  Lifle  has  a  part  of  this  de- 
fcription  in  his  excellent  book,  \ai\t\tACbryJlallograpby.  The  know- 
ledge acquired  thefe  fome  years,  leads  us  to  prefume,  that  the  fe- 
cond  edition,  in  which  this  learned  man  is  now  engaged,  will  con- 
tain many  cryftals,  whofe  form  was  unknown  at  the  time  of  the  firft 
publication. 
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Rouelle  was  of  opinion,  that  the  vitriolic  and  nitrous 
acids  did  not  aft  upon  this  fait,  becaufe  they  produced 
po  fclr'-evident  change.  But  M.  Prouft  having  mixed 
the  vitriolic,  nitrous,  marine,  and  acetous  acids,  with 
a  folution  of  fufible  fait  with  bafe  of  natrum,  has  ob- 
ferved,  that  though  no  precipitate  fell  in  thefe  mixtures, 
the  liquors,  evaporated  and  cooled,  yielded  Glauber's 
fait,  cubic  nitre,  marine  fait,  and  terra  foliata  minera- 
ls j  which  proves,  i.  That  this  fait  was  decompofed 
by  the  acids ;  2.  That  it  contains  mineral  alkali,  as  M. 
Rouelle  had  already  demonftrated.  As  to  the  fubftance 
feparated,  and  which  was  united  with  the  mineral  al- 
kali before,  it  is  clear  that  it  remains  in  folution  in  the 
•liquors  at  the  fame  time  with  the  new- formed  neutral 
falts.  M.  Piouft  has  very  fully  examined  it  in  the 
mother- water,  which  is  obtained  after  the  mixture  of  t^e 
vinegar  and  the  cryftallifation  of  the  terra  foliata  mine- 
ralis.  By  pouring  upon  this  mother- water  eight  or  ten 
times  its  bulk  of  hot  fpirit  of  wine,  the  laft  portions  of 
the  terra  foliata  diflblve,  and  a  magma  is  formed, 
which  is  warned  with  new  fpirit  of  wine,  and  then  dif- ' 
folved  in  diltilled  water.  This  folution  of  the  mag- 
ma, evaporated  in  the  open  air,  yields  cryftals  like  pa- 
rallelograms, quite  fnnilar  to  thofe  which  are  extrafted 
from  the  warning  of  the  refiduum  of  the  phofphorus 
made  with  ammoniacal  fufible  fait.  It  is,  then,  this 
particular  fubftance,  analagous  to  the  fedative  fait, 
whofe  hiftory  we  have  given  in  the  preceding  article, 
which  faturates  the  mineral  alkali  in  the  fufible  fait. 
This  important  difcovery  explains,  why  this  falc  gives  no 
phofphorus  :  it  contains  not  an  atom  of  phofphoric 
acid ;  it  has  an  analogy  with  borax,  becaufe  the  fub- 
ftance which  does  the  part  of  an  acid  in  it  refembles  fe- 
dative fait. 

Fufible  fait  with  bafe  of  natrum  decompofes  the 
earthy  neutral  falts,  and  efpecially  calcareous  nitre :  it 
forms  a  precipitate,  which  is  the  combination  of  lime 
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and  the  bafe  of  the  phofphoric  glafs  * :  the  fupcrnatant 
liquor  contains  a  neutral  fait,  formed  by  the  acid  of  the 
calcareous  fait,  and  the  marine  alkali  of  the  fufible  fait 
with  bafe  of  natrum. 

This  fait?  is  likewife  decompofed  by  the  metallic  folu. 
tions :  poured  into  a  folution  of  mercurial  nitre,  it 
forms  a  white  precipitate,  which,  diltilled  in  a  retort, 
yields  a  fmall  quantity  of  a  reddifh  fublimate,  fome  flow- 
ing mercury;  and  at  the  bottom  of  the  veflel  remains  an 
opaque  white  mafs,  adhering  and  combined  with  the 
glafs.  This  is  the  bafe  of  the  phofphoric  glafs,  fepara- 
ted  from  the  mercury  and  fufed.  This  mercurial  fair, 
boiled  with  a  folution  of  fait  of  foda,  reproduces  the  fu- 
fible fait  with  bafe  of  natrum,  and  leaves  the  mercury 
in  the  ftate  of  a  red  brick- coloured  powder  f. 

LEC 

*  It  mud  be  recapitulated,  that  this  new  fubftance,  to  which, 
for  want  of  a  better  name,  we  give  that  of  bafe  $f  phofphoric  glafs  of 
the  fufible  fait ;  which  expr'effes,  that  it  is  found  always  in  the  glafs 
which  forms  the  ammoniacal  fufible  fait  when  expofed  to  the  fire, 
conftitutes  with  the  mineral  alkali  the  fufible  fait  with  bafe  of  na- 
trum, fo  called  by  M.  Rouelle,  or  the  fal  mirabile  ptrlatum  of 
M.  Haupt,  which  we  have  been  examining  in. this  paragraph. 

-j-  The  microcofmic  fait  obtained  by  the  firft  cryftallifation  proves 
extremely  impure,  from  the  adherence  of  a  great  deal  of  the  muci- 
laginous part  of  the  urine  ;  and,  what  is  exceedingly  remarkable, 
we  lofe  a  large  proportion  of  this  fait  in  attempting  to  free  it  from 
thofe  impurities  by  a  fubftquent  cryftallifation  ;  which  does  not  hap- 
pen in  the  depuration  of  any  other  fait  by  folution  and  evaporation. 
M.  Baume  firft  difcovered  this  fingular  circumftatrce  by  accident, 
when  he  had  the  misfortune  to  lofe  almoft  the  whole  of  the  cargo 
which  he  had  prepared  to  make  Kunckel's  phofphorus  with.  The 
Duke  de  Chaulnes  afterwards  found,  that  at  leaft  four-fifths  of  the 
fait  were  loft  in  the  experiments  which  he  made  to  afcertain  the 
quantity  which  exhaled  during  the  evaporation  of  the  water;  and 
the  Duke,  in  order  to  prevent  fo  immenfe  a  wafte,  tried  feveral  ex- 
pedients to  fave  the  fait  ;  and  was  at  length  perfuaded  that  the  fol- 
owing  method  anfwered  the  purpofe  be  it  :  He  made  feme  of  the 
alt  very  hot  in  a  gla!s  veffcl,  and  added  one  half  the  weight  of  warm 
water.  He  next  poured  the  whole  into  a  glals  funnel  lined  with  tit- 
rating paper,  and  fet  the  neck  of  the  funnel  into  a  phial  full  of 
foiling  water,  which  ftood  i(i  a  fand-hcat  to  fupport  an  equable 

warmth. 
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LECTURE  LXVIT. 

§.  4.    Kunckel's  Phosphorus. 
TTJHosphorus  is  the  molt  combuftible  fubftance 
\     known.    As  it  was  firft  extracted  h  orn  urine,  and 
as  the  matter  which  yields  the  greateft.  quantity  of  it  is 

F  f  4  the 

warmth.  In  this  fit  nation  the  fait  runs  all  into  the  phial;  which 
being  fet  in  a  cool  place  to  cryllallife,  afforded  white  and  perfectly 
pure  cryftalsj  free  from  every  impurity,  and  with  the  lofa  of  no 
more  than  one  fifth  part  cf  the  original  quantity.  The  advantage 
of  this  procefs  feems  to  conlilt  in  making  a  ftrong  folution  in  boiling 
water,  which  yields  cryftals  by  the  mere  expofure  to  cold,  without 
being  fubje&ed  to  the  expenditure  of  fait;  which  always  happens  in 
'evaporating  a  weak  folution  down  to  a  fufficient  Arength,  by  the 
application  of  heat  alone. 

M.  Margraaf  found,  that  a  mixture  of  this  fufible  fait  with  filings 
of  zinc,  diftilled  in  a  retort,  yielded  a  very  pure  phofphorus  with, 
the  affiftance  of  a  much  more  moderate  heat  than  what  is  neceffary 
with  any  other  inflammable  addition.  So  that  zinc  feems  to  be  the 
belt  fubftance  to  employ  in  preparing  phofphorus. 

With  regard  to  the  volatility  of  the  phofphoric  acid,  M.  Scheele 
makes  a  remark  which  deferves  fome  attention.  He  placed  fume  of 
the  concrete  phofphoric  acid  into  a  glafs  tube,  and  by  approaching 
the  flame  of  a  candle  to  that  fide  of  the  tube,  the  phofphorus  fubli- 
roed  over  to  the  other;  but  by  the>addition  of  fome  water,  the  acid 
became  fo  fixed  as  to  bear  a  red  heat  without  volatilifing.  So  that 
in  this  cafe  two  fubftances,  both  volatile  when  feparate,  acquire  an 
uncommon  degree  of  fixity  by  mixture.  The  fd£t  is  indeed  analo- 
gous to  fome  others  which  occur  in  chemical  reiearches.  When  the 
volatile  vapours  of  the  nitrous  acid,  for  example,  and  of  the  volatile 
alkali,  meet. together  in  the  gir,  they  form  a  fait  which  is  no  way 
remarkable  for  volatility  ;  and  in  fome  other  cafes  the  compound 
neither  pofftlTes  the  volatility  nor  the  folubility  of  the  ingredients 
when  feparate. 

Since  the  publication  of  M.  "Fourcroy's  leftures,  the  prefence  of 
phofphoric  acid  in  the  mineral  kingdom  has  been  announced  to  the 
world  as  a  difcovery  made  by  Dr  Gahn.  The  acid  is  mineralifed 
with  lead,  from  which  the  phofphorus  is  obtained  pure,  by  diffolving 
the  mineral  ialt  completely  in  nitrous  acid  ;  then  precipitating  the 
whole  lead  by  the  addition  of  the  vitriolic,  pouring  off  the  fupcrna- 
ttiral  liquor,  which  confills  of  phofphorii  and  nitrous  acids  mixed  to- 
gether, and  afterwards  expelling  the  nitrous  acid  by  heat  wlun  the 
pholphoric  acid  remains  behind.  This  is  the  very  fame  prccefs 
which  was  originally  employed  to  ftpar3te  the  phofphoric  a.cid 
from  animal- bones,  and  is  in  every  refpedt  pcrfcfllyjult. 
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the  ammoniacal  fufible  fait,  which  we  have  jufl  now  been 
examining,  it  is  our  opinion  that  the  hiltory  of  this  in- 
flammable fubftance  mould  be  inferted  here. 

The  difcovery  of  phofphorus  is  owing  to  an  alchemic 
called  Brandt,  a  citizen  of  Hamburg,  who  difcovercd  it 
in  the  year  1677.  Kunckel  aflbciated  with  one  called 
Kraaft,  in  order  to  gain  the  fecret ;  but  Kraaft  not 
communicating  it  to  him,  Kunckel  refolved  to  fearch 
for  it ;  and  after  having  undertaken  an  inveftigation  of 
urine,  from  which  he  knew  it -was' extracted,  he  fuc- 
ceeded  in  making  phofphorus,  of  which  he  ought  to  be 
confidered  as  the  true  inventor.  Some  afcribe  the  ho- 
nour of  this  difcovery  alfo  to  Boyle,  who  indeed  depo- 
fited  a  fmall  quantity  of  it,  1680,  in  the  hands  of  the 
fecretary  of  the  Royal  Society  of  London  :  but  Stahl 
fays,  that  Kraaft  told  him,  that  he  communicated  the 
procefs  to  Boyle.  This  lafl:  phyfician  gave  his  procefs 
to  a  German  called  Godfreid  Hankwitz,  who  had  an 
elegant  laboratory  in  London,  and  was  the  only  per- 
fon  who  made  phofphorus,  and  who  fold  it  to  all  the 
philofophers  in  Europe.  Although,  from  the  year  1680 
to  the  commencement  of  the  prefent  century,  there  ap- 
peared a  great  number  of  receipts  for  the  preparation  of 
phofphorus ;  and  among  others,  thofe  of  Boyle,  Kraaft, 
Brandt,  Homberg,  Teichmeyer,  Frederic  Hoffman, 
Niewentyt,  and  Wedelius ;  no  chemifts  as  yet  prepa- 
red it;  and  this  preparation  was  a  real  fecret,  when,  in 
the  year  1737,  a  foreigner  offered  at  Paris  a  method  of 
preparing  phofphorus  with  fuccefs.  The  academy  no- 
minated four  chemifts,  MefTrs  Hellot,  Dufay,  Geoffrey, 
and  Duhamel,  to  inveftigate  this  operation  in  the  labo- 
ratory of  the  royal  gardens :  this  procefs  fucceeded  very 
well.  The  minuter  recompenfed  the  foreigner ;  and 
M.  Hellot  defcribed  it  with  accuracy,  in  a  paper  infert- 
ed among  thofe  of  the  academy  anno  1737-  This  ope- 
ration confifts  in  evaporating  five  or  fix  quarts  of  urine, 
till  it  be  reduced  to  a  grumous,  confident,  black,  and 
fhining  matter  j  in  calcining  this  refiduum  in  an  iron 
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laddie,  whofe  bottom  is  made  red-hot,  till  it  no  longer 
funics,  and  till  it  has  the  fmell  of  flowers  of  peaches ; 
in  warning  this  calcined  matter  with  the  double,  or  lels, 
of  hot  water  ;  and  in  drying  it  after  having  decanted  off 
the  water.  Three  pounds  of  this  matter  are  mixed  with 
a  pound  and  a  half  of  grofs  fand  or  grated  freeflone, 
and  four  or  five  ounces  of  powder  of  charcoal  of  beech  : 
this  mixture  is  moiftened  with  half  a  pound  of  water, 
and  introduced  into  a  Heffian  retort.  We  eifay  the 
matter  by  making  it  red  in  a  crucible  ;  when  it  emits  a 
violet  flame  and  a  garlic  fmell,  it  will  yield  phofphorus. 
The  retort  is  placed  in  a  furnace  made  fit  for  the  pur- 
jpofe  ;  and  a  large  receiver,  filled  two-thirds  with  wa- 
ter, is  adapted  to  it.  This  receiver  muft  be  pierced 
with  a  ftnall  hole  ;  and  M.  Hellot  confidered  this  as  one 
of  the  moft  necefTary  fteps  to  the  fuccefs  of  the  opera- 
tion. Three  or  four  days  after  the  apparatus  has  been 
fet  in  order,  the  fire  is  applied  with  great  moderation, 
in  order  to  complete  the  exficcation  of  the  furnace  and 
the  lutes ;  it  is  gradually  augmented  to  the  greateft 
force  of  heat,  and  in  this  ftate  fupported  for  five  or  fix 
hours.  The  phofphorus  diftils  only  at  the  end  of  four 
hours  after  the  commencement  of  the  operation,  which 
continues  in  the  whole  twenty-four  ;  previoufly,  a  great 
quantity  of  concrete  volatile  fait  rifes,  which  diifolves 
in  part  in  the  water  of  the  balloon.  The  volatile  or  ae- 
riform phofphorus  pafl'es  over  firft  in  luminous  vapours ; 
the  real  phofphorus  next  flows  like  an  oil  or  fufed  wax. 
When  no  more  paffes  over,  the  apparatus  is  left  two 
days  to  cool ;  it  is  unluted,  and  fome  water  added  into 
the  receiver,  to  detach  the  phofphorus  adhering  to  its 
fides :  it  is  made  to  melt  in  boiling  water,  and  cut  in- 
to finall  pieces,  which  are  introduced  into  a  tapering 
glai's  tube,  and  then  immerfed  into  boiling  water.  The 
phofphorus  fufes,  is  purified,  and  becomes  transparent, 
by  the  feparation  of  a  black  matter  which  is  raifed  above 
it :  then  it  is  cooled  in  cold  water,  where  it  congeals ; 
jt  is  taken  out  of  the  tube  by  being  pufhed  from 

the 
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the  fmaller  through  the  longer  end.  Such  is  a  fliort 
view  of  M.  Hellot's  defcription  ;  the  length  of  the  ope- 
ration prevented  chemifts  from  repeating  it,  if  we  ex- 
cept M.  Uouelle,  who,  in  his  chemical  courl'cs,  praa> 
fed  it  with  fuccefs  feveral  times. 

In  the  year  1743,  M-  Margraaf,  in  the  Memoirs  of 
the  Berlin  Academy,  publifhed  a  new  method  of  ma- 
king a  great  quantity  of  phofphorus,  with  kfs  trouble 
than  had  been  done  before.  According  to  his  procefs, 
fome  plumbum  corneum,  the  reiiduum  of  the  diftillation 
of  four  pounds  of  minium  and  two  pounds  of  fal  ammo- 
niac, is  mixed  with  ten  pounds  of  the  extract  of  urine, 
in  the  confidence  of  honey.  Half  a  pound  of  powdered 
charcoal  is  added :  the  mixture  is  dried  in  an  iron  vef- 
fel  till  it  be  reduced  to  a  black  powder ;  this  is  diftilled 
in  a  retort,  in  order  to  extract  by  a  well-regulated  fire, 
the  volatile  alkali,  fetid  oil,  and  fal  ammoniac".  The 
fire  mud  not  be  made  more  violent  than  fo  as  to  make 
the  bottom  of  the  retort  moderately  red.  The  black 
and  friable  refiduum  of  this  operation  is  the  matter  from 
which  the  phofphorus  is  extracted :  it  is  affayed  by  laying 
a  little  of  it  on  burning  coals ;  if  it  emits  a  garlic  fmell 
and  a  blue  phofphoric  flame,  it  is  properly  prepared. 
With  this  we  fill  three-fourths  of  a  HefTian  or  Picardy 
;ftone  retort,  well  covered  with  a  lute :  this  veffel  is  pla- 
ced in  a  reverberatory  furnace,  terminated  by  the  head 
of  a  wind-furnace,  and  by  an  iron  pipe  fix  or  eight  feet 
high  ;  a  middle-fized  receiver,  pierced  with  a  fmall 
hole,  and  half  filled  with  water,  is  adapted  to  the  re- 
tort ;  the  joinings  are  fecured  with  fat  lute,  covered 
with  pieces  of  cloth  lined  with  whites  of  eggs  and  lime: 
a  brick-wall  is  raifed  between  the  furnace  and  receiver : 
the  apparatus  is  allowed  a  day  or  two  to  dry  ;  then  the 
diftillation  commences  by  a  gradual  fire.  This  opera- 
tion continues  from  fix,  eight,  or  nine  hours,  accord- 
ing to  the  quantity  of  matter  employed.  This  phofpho- 
rus is  rectified  by  diftilling  it  with  a  very  gentle  fire  in 
a  glafs  retort,  with  a  recipient  half  full  of  water.  Al- 
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moft  all  the  chemifts  have  repeated  M.  MargraaPs  pro- 
cefs  with  fuccefs ;  and  this  alone  was  in  ufe,  till,  feveral 
years  ago,  a  method  was  difcovered  of  feparating  the 
phofphoric  acid  from  bones,  as  we  mall  remark  upon 
fpeaking  of  thefe  organs. 

It  is  evident  that  M.  MargraaPs  procefs  differs  from 
that  of  M.  Hellot  only  in  the  addition  of  plumbum  cor- 
neum,  the  utility  of  which  is  not  yet  properly  known, 
and  in  the  divifion  of  the  operation  into  two.    But  what 
is  of  greateft  value  in  the  labours^of  this  celebrated  Ber- 
lin chemift  is,  he  has  fully  determined  what  is  the  fub- 
ftance  contained  in  the  urine  which  ferves  for  the  for- 
mation of  the  phofphorus.    By  diftilling  a  mixture  of 
ammoniacal  fufiblefalt  and  charcoal,  he  obtained  a  very 
fine  phofphorus  ;  and  he  obferved,  that  the  urine  from 
whence  this  fait  was  got,  yields  ahnofl:  no  more  of  this 
combuftiblefubltance.  It  is  therefore  a  conftituent  partof 
the  ammoniacal  fufiblefalt  which  contributes  to  the  for- 
mation of  phofphorus;  and  thisfubftance  is  eafily obtained 
by  diftilling  two  parts  of  the  glafs  obtained  from  the  fait 
decompofed  in  a  retort  or  crucible  with  one  part  of  pow- 
dered charcoal.  This  operation  requires  much  lefs  time 
and  much  lefs  fire  than  the  methods  hitherto  defcribed; 
fmce,  according  to  M.  Proud,  the  phofphorus  may  come 
over  in  a  quarter  of  an  hour.    It  is  without  contradic- 
tion the  beft  procefs  which  we  can  adopt  in  the  prepa- 
paring  of  the  phofphorus  of  urine;  but  there  are  feveral 
obfervations  to  be  made  upon  this  point,    i .  The  vi- 
treous refiduum  arifing  from  the  decompofition  by  the 
fire  of  the  fufible  ammoniacal  fait,  not  being  pure  phof- 
phoric acid,  but  this  combined  with  the  fubltance  difco- 
vered by  M.Prouft,  and  having  in  it  only  this  acid  which 
is  capable  of  forming  phofphorus  along  with  charcoal ; 
only  very  little  phofphorus  is  obtained  by  employing  this 
refiduum,  as  an  ounce  yields  only  a  gros,  and  often  lefs. 
2.  When  the  fufible  fait  is  prepared  in  great  quantity  by 
evaporation  and  cooling,  it  is  found  to  be  mixed  with 
a  good  part  of  fufible  fait  with  bafe  of  natrum  ;  which, 
A  ,  according 
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according  to  M.  Prouft's  difcovery,  contains  no  phof- 
phoric  acid,  and  cannot  yHd  phofphorus.  It  is  concei- 
vable then,  from  thefe  two  obfervations,  why  fo  little  of 
this  combultible  body  is  obtained  by  the  diftillation  of 
the  fufible  ammoniacal  fait  with  charcoal. 

Phofphorus  obtained  by  all  the  methods  now  defcri- 
bed  is  always  the  fame.  When  it  is  very  pure,  it  is 
tranfparent,  of  a  confidence  fimilar  to  that  of  wax  ;  it 
cryftallifes  in  brilliant  Iarrfinse,  as  if  micaceous,  by  cool- 
ing ;  it  fufes  in  warm  w,ater  long  before  this  fluid  boils ; 
it  is  very  volatile,  and  turns  into  a  thick  fluid  by  means 
of  heat  :  if  it  is  in  contact  with  the  air,  it  emits  a  fume 
from  the  whole  of  its  furface  ;  this  vapour,  which  dif- 
covers  a  ftrong  fmell  of  garlic,  feems  white  in  the  day- 
time, and  very  luminous  in  a  dark  place.  This  is  then 
the  flow  inflammation  of  phofphorus ;  indeed,  if  it  is 
left  any  time  thus  expofed  to  the  air,  it  confumes  gra- 
dually, and  leaves  for  a  refiduum  a  particular  acid,  whofe 
properties  we  fliall  examine  more  fully  alter  this.  This 
flow  combuflion  never  goes  on,  except  when  the  phof- 
phorus is  in  free  contact  with  air ;  it  even  requires,  in 
order  to  be  very  luminous,  a  heat  from  twelve  to  fifteen 
degrees,  although  it  takes  effect  at  an  inferior  tempera- 
ture. This  inflammation  is  produced  without  heat,  and 
it  kindles  no  combuftible  body.  But  when  phofpho- 
rus fuff^rs  a  dry  heat  of  twenty-four  degrees,  it  kindles 
with  decrepitation ;  it  burns  rapidTy  with  a  white  flame 
mixed  with  yellow  and  green,  very  bright,  and  it  de- 
ftroys  with  great  readinefs  all  the  combuftible  bodies 
which  it  touches.  The  vapour  which  is  then  exhaled 
from  it  is  very  copious,  white,  and  very  luminous  in 
the  dark.  It  leaves  a  refiduum,  differing  in  the  one  and 
the  other  of  thefe  combuftions.  The  firlt  yields  a  liquor 
more  than  double  the  weight  of  the  phofphorus  employ- 
ed, which  is  called  phofphoric  acid.  The  fecond  exhi- 
bits a  thick  matter,  of  a  reddilh  white,  which  emits 
white  vapours  till  it  has  attracted  enough  "of  the  air's 
fcumidity  to  make  it  fluid  j  then  it  refembles  the  acid 
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and  fluid  refiduum  of  the  firft  combuftion  or  flow  in- 
flammation. However,  thefe  acids  prefent  fome  differ- 
ences in  their  combinations,  as  M.  Margraaf  has  obl'er- 
ved,  and  as  M.  Sage  has  fhown  in  the  Memoirs  of  the 
Academy  1777.  We  fhall  fully  defcribe  thefe  differ- 
ences when  we  come  to  treat  of  the  phofphoric  acid. 

The  combuftion  of  phofphorus  was  confidered  by 
Stahl  as  the  difengngement  of  phlogifton,  which  he 
imagined  was  combined  with  the  marine  acid  *  in  this 
combuilible  body.  M.  Lavoifier,  with  a  view  of  afcer- 
taining  what  pafles  in  this  combuftion,  kindled,  by  means 
of  a  burning-glafs,  fome  phofphorus  under  a  glafs-veffel 
fbll  of  mercury.  He  has  obferved,  that  only  a  given 
quantity  can  burn  in  a  determinate  portion  of  air,  and 
that  this  quantity  amounts  to  a  grain  in  fixteen  or 
eighteen  cubic  inches  of  air:  that  after  this  combuftion 
the  phofphorus  is  extinguished,  and  that  the  air  can  no 
longer  ferve  to  fupport  a  new  inflammation  ;  that  the 
volume  of  the  air  diminifhes ;  and  that  the  phofphorus  is 
diflipated  in  white  mowy  flocci,  which  attach  themfelves 
to  the  fides  of  the  veffel.  Thefe  flocci  have  twice  and 
a  half  the  weight  of  the  phofphorus  employed  ;  and 
this  increafe  of  weight  correfponds  exactly  with  that 
which  the  air  loft,  and  depends  folely  upon  the  abforp- 
tion  of  the  pure  air  by  the  phofphorus.  In  fact,  the  white 
tufts  are  the  concrete  phofphoric  acid,  and  formed  by 
the  combination  of  the  phofphoric  acid  with  the  pure 
air  contained  in  the  atmofpheric  air,  which  has  ferved 
for  the  combuftion  of  this  inflammable  fubftance.  The 
theory  here  is  the  fame  as  that  applied,  to  fulphur  ;  and 

'  it 

*  Stahl  afTerts  in  feveral  of  his  works,  that  by  combining  marine 
acid  with  phlogifton,  phofphorus  may  be  formed.  M.  Margraaf 
confequently  began  fome  experiments  with  this  view,  by  treating 
different  combinations  of  marine  acid  with  combuftible  fubftances  ; 
but  he  never  produced  an  atom  of  phofphorus.  He  has  alfo  de- 
monftrated,  that  the  acid,  the  refiduum  of  this  combuftible  bodv, 
widely  differs  from  muriatic  acid;  and  all  chemifts  are  now  con- 
vinced of  this  faft.  We  cannot  fay  what  (hould  have  led  into  fuch. 
a  miftake  To  able  and  fo  creditable  a  perfon  as  Stahl. 
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it  would  be  ufelefs  to  add  what  we  have  faid  upon  this 
fubjecl  in  the  mineral  kingdom. 

Phofphorus  liquifies  in  hot  water.  Although  it  is 
infoluble  in  this  fluid,  it  is,  however,  a  little  altered.  It 
lofes  its  tranfparency ;  it  turns  yellow,  and  is  covered 
with  an  efliorefcence  or  coloured  powder.  The  water 
becomes  acid ;  it  appears  luminous  when  fhaken  in  the 
dark  :  phofphorus  then  is  flowly  decompofed  in  it. 

The  action  of  a  great  number  of  bodies  upon  phof- 
phorus is  unknown.  The  knowledge  we  have  of  this 
fubjecl:  is  almoft  all  owing  to  M.  Margraaf,  and  from 
nim  we  (hall  make  the  following  brief  obfervations. 

Vitriolic  acid  diftilled  in  a  retort  with  phofphorus, 
decompofes  it  almoft  entirely,  but  without  inflamma- 
tion. The  nitrous  acid  attacks  it  with  violence,  and 
iuddenly  inflames  it.  The  marine  acid  makes  no  altera- 
*  tion. 

Sulphur  and  phofphorus  combine  by  fufion  and  diftil- 
lation :  a  folid  compound  refults  of  an  hepatic  fmell,  which 
burns  with  a  yellow  flame,  and  fwells  in  water,  to 
which  it  communicates  acidity  and  the  fmell  of  liver  of 
fulphur,  properties  which  certainly  fhow  a  particular 
reaction  between  thefe  two  bodies. 

Phofphorus  does  not  unite  fo  well  with  the  metals  as 
fulphur  does  ;  although  a  very  great  number  of  analo- 
gous properties  fubfifts  between  it  and  this  laft.  M. 
Margraaf  tried  to  make  thefe  combinations,  by  diftilling 
each  metallic  fubftance  with  two  parts  of  phofphorus. 
Only  arfenic,  zinc,  and  copper,  prefent  particular  phe- 
nomena :  all  the  reft  of  the  metals  were  not  altered  by 
phofphorus  ;  and  this  matter  was  in  part  confumed,  and 
palfed  into  the  receiver  without  fuffering  any  remarkable 
change.  Phofphorus,  fublimed  with  arfenic,  prefented 
to  him  a  matter  of  a  beautiful  red  colour,  fimilar  to 
realgar.  Zinc,  diftilled  fucceflively  with  this  fubftance, 
yielded  yellow,  pointed,  and  very  light  flowers.  Thefe 
flowers,  expofed  to  the  fire  under  a  red  muffle,  kindled, 
and  yielded  a  tranfparent  glafs  fimilar  to  that  of  borax. 

Copper, 
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Copper,  treated  in  the  fame  way  with  phofphorus,  loft 
its  brilliancy,  and  became  very  compact ;  it  had  acqui- 
red ten  grains  upon  half  a  gros,  and  it  kindled  upon  the 
approach  of  flame. 

Phofphorus  diflblves  in  all  the  oils,  and  renders  them 
luminous.  M.  Spieiman  fays,  that  he  diffolved  it  in 
fpirit  of  wine,  and  that  this  folution  yielded  fparks  when 
poured  into  water. 

Phofphorus-  is  not  yet  of  any  ufe  either  in  medicine 
or  in  the  arts.  MeiTrs  Menzius,  Morgenflern,  Hartman, 
&c.  fay,  that  they  have  experienced  good  effects  from 
it  in  malignant  and  bilious  fevers,  in  debilities  of  thefy- 
ftem,  miliary  fever.  Others  have  recommended  it  in  the 
mealies,  peripneumony,  rheumatifm,  epilepfy,  &c.  But 
although  feveral  difiertations  upon  the  virtues  of  phof- 
phorus ufed  internally  have  appeared  already  in  Ger- 
many, we  cannot  as  yet  fay  any  thing  with  certainty 
upon  this  fubject. 

5  5.  Of  the  Acid  of  Phofphorus. 

The  acid  of  phofphorus  has  been  fo  named,  be" 
caufe  it  was  thought  to  exift  already  formed  in  phof- 
phorus, from  which  we  obtain  it  by  combuftion  : 
but  M.  Lavoifier  has  proved,  that  this  fait  is  a  combina- 
tion of  phofphorus  with  pure  air. 

In  general  there  are  two  procefles  for  obtaining  it. 
The  one  confifts  in  burning  phofphorus  with  rapidity, 
and  by  applying  a  brhjfceat ;  the  other  in  allowing  it 
to  confume  and  burn  Wwly  by  expofing  it  to  the  air. 
The  firit  yields  a  concrete  acid,  which  is  twice  and  a 
half  the  weight  of  the  phofphorus,  and  powerfully  at- 
tracts humidity  from  the  air ;  but  it  always  retains 
fome  pieces  of  phofphorus  undecornpofed.  The  other 
method,  after  fome  time,  affords  a  fluid  without  fmell, 
of  an  acid  talte,  and  not  corrofive  ;  which  differs  from 
the  former  obtained  by  deflagration  in  this,  that  with 
.  alkalis  it  is  fufceptible,  according  to  M.  Sage,  of  form- 
ing neutral  falts  different  from  thofe  formed  by  the 

other 


NATURAL  HISTORY 


other  acid.  The  differences,  'however,  are  but  flight, 
at  icaft  thofe  mentioned  by  M.  Sage:  and  with  ftrict- 
nefs  we  may  look  upon  them  as  the  fame  acids,  not- 
withftanding  the  difterent  modifications  of  their  pro- 
perries. 

In  order  to  obtain  the  phofphoric  acid  by  deflagra- 
tion, we  mud  make  ufe  of  Lavoifier's  procefs ;  which 
confilts  in  fetting  fire  to  the  phofphorus  by  means  of 
a  lens,  under  a  large  glafs  bell  immerfed  in  mercury, 
a  little  water  being  applied  round  the  outfide  of  the 
bell  where  it  finks  in  the  mercury.  This  combuftion 
is  repeated  according  to  the  quantity  of  acid  which  we 
wifli  to  have. 

The  phofphoric  acid  per  deliquium,  or  flow  combu- 
ftion, is  obtained  after  M.  Sage's  method,  bv  putting 
.  flicks  of  phofphorus  upon  the  fides  of  a  glafs  funnel, 
the  neck  of  which  is  rnferted  into  a  bottle  and  bafe  co- 
vered with  a  head;  a  glafs  tube  being  affixed  to  the- 
neck  of  the  funnel  to  retain  the  phofphorus,  and  to 
give  vent  to  the  air  in  the  bottle,  which' is  difplaced  by 
the  acid.  After  fome  time,  for  every  ounce  of  the 
phofphorus  we  obtain  three  of  the  acid,  which  runs  in- 
to water  defignedly  put  into  the  bottle. 

The  phofphoric  acid  obtained  in  this  way  is  a  tranf- 
parent  fluid  very  pure,  has  a  four  tafte,  and  reddens 
the  fyrup  of  violets,  but  is  without  fmell.  If  we  ex- 
pofe  it  to  the  fire  in  a  retort,  a  pure  phlegm  comes 
over  ;  the  acid  becomes  concentrated,  and  weighs 
heavier  than  the  vitriolic.  By  little  and  little  it  turns 
tenacious,  and  becomes  white  and  foft  like  an  extract, 
LafUy,  urged  with  a  violent  fire,  it  runs  into  a  tranf- 
parent  glafs.  This  glafs  differs  from  that  of  fufible  fait 
in  this,  that  it  has  a  four  tafte,  and  attracts  humidity 
•  from  the  air.  Thefe  properties  are  the  confequence  of 
its  being  a  pure  acid,  whilfl  that  of  fufible  fait  is  com- 
bined with  the  fubltance  difcovered  by  M.  Prouft  j  of 
which  we  have  treated  in  a  particular  article. 

If  wc  burn  the  phofphoric  acid  per  deliquium  in  an 
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open  tfeffel,  it  exhibits  from  time  to  time  fmall  flames, 
owing  undoubtedly  to  a  little  phofphorus  remaining, 
which  has  not  been  entirely  confumed,  accompanied 
■with  a  fmell  of  garlic  :  the  remainder  becomes  concen- 
trated, dries,  and  at  lafl  fufes  in  the  fame  manner  as 
when  treated  in  a  clofe  veffel. 

The  concentrated  vitriolic  acid  very  quickly  attracts 
humidity  from  the  air.  Its  union  witWwater  is  attend- 
ed with  heat.  It  combines  with  a  great  number  of  fub- 
ftances,  as  we  mail  foon  fee,  and  prefents  particular 
phenomena  in  its  combination.  MefTrs  Margraaf  and 
Lavoifier  have  examined  it  when  combined  with  alka- 
line and  metallic  fubftances ;  and  upon  their  inquiries 
we  mall  found  the  hiltory  of  the  different  phofphoric 
neutral  fairs. 

The  phofphoric  acid  feems  to  act  on  quartz  and 
glafs ;  but  we  have  not  yet  examined  exactly  the  na- 
ture of  the  alteration  which  it  occafions  on  them. 

It  diflbves  mild  magnefia  with  effervefcence :  The 
fait  refulting  from  this  combination  poffeffes  but  a  fmall 
degree  of  folubility.  A  ftrong  folution  of  it,  fet  by 
for  twenty-four  hours,  affords  cryftals  like  fmall  needles, 
flattened  very  thin,  feveral  lines  long,  and  cut  obliquely 
at  both  ends.  They  are  reduced  into  powder  by  expo- 
fure  to  a  gentle  heat.  The  vitriolic  acid  decompofes 
this  fait,  according  to  M.  Lavoifier,  who  has  the  merit 
i  of  this  detail,  as  well  as  of  feveral  of  the  following  de- 
I  tails  upon  phofphoric  alkaline  falcs. 

This  acid,  u%ced  withjime-water,  precipitates  along 
with  the  lime  in  form  of  a  very  infoluble  fait,  which 
makes  no  effervefcence  with  acids,  anu  has  always  the 
acid  to  excefs.  It  reddens  blue  paper  ;  the  mineral 
acids,  and  even  the  cauitic  fixed  alkali,  decompofe  it. 
From  the  folution  of  filver  in  aquafortis,  it  gives  a  pre- 
cipitate of  the  colour  of  dregs  of  wine  ;  and  from  that 
of  mercury,  in  the  fame  acid,  a  white  powdery  preci- 
pitate. 

The  phofphoric  acid,  faturated  with  fixed  alkali, 
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forms  a  very  foluhle  fait.  Its  folution  evaporated,  and' ' 
let  in  the  cold,  affords  cryftals  like  f'our-fided  prifms, 
terminated  likewife  by  pyramids  with  four  furfaces, 
correl'ponding  with  thofe  of  the  prifms.  This  phofpho- 
ric  tartar  is  acid.  It  diflolves  much  better  in  warm 
than  in  cold  water.  It  puffs  up  when  laid  on  burning 
coals  :  it  fufes  with  great  difficulty  ;  and  when  once  fu- 
fed,  \t  lofes  its  faline  tafte.  It  throws  down  a  white 
precipitate  from  filver  in  nitrous  acid,  and  a  whitifli  yel- 
low from  the  folution  of  mercury. 

The  mineral  alkali  united  with  the  phofphoric  acid, 
affords  a  fait  of  an  agreeable  tafte,  analagous  to  that  of 
marine  fait.  This  fait  does  not  cryflallife  at  all.  By 
evaporation  it  becomes  like  a  gummy  matter,  ropy  like 
turpentine,  and  deliquefcent. 

The  fait  which  we  mean  here,  M.Lavoifier  prepa- 
red with  the  acid  obtained  by  the  deflagration  of 
phofphorus  ;  but  M.  Sage  has  afferted,  that  the  acid 
■per  deliqitium  afforded  cryftals  not  deliquefcent. 

The  ammoniacal  phofphoric  fait,  formed  by  the 
union  of  this  acid  obtained  by  deflagration  and  the  vo- 
latile alkali,  is  more  foluble  in  warm  than  in  cold  wa- 
ter. In  cold,  it  affords  cryftals,  which,  according  to 
M.  Lavoifier,  have  fome  refemblance  to  thofe  of  alum. 
This  fait  ought  to  differ  from  that  formed  by  the  evapo- 
ration of  urine,  in  this  refpec~t,  that  the  fufible  fait  con- 
tains an  acid  already  neutralifed,  by  the  fubftance  ex- 
plained in  §  2.  and  is  compofed  of  three  different  ingre- 
dients ;  whilft  the  true  ammoniacal  phofphoric  fait,  or 
the  phofphoric  acid  united  to  the  volatile  alkali,  con- 
tains only  two. 

The  phofphoric  acid  decompofes  nitre  and  fea-falt, 
and  difengages  their  acids  by  diftillation,  not  on  ac- 
count of  its  greater  affinity  with  their  bafes,  but  on  ac- 
count of  its  fixity. 

The  fluid  phofphoric  acid  afts  on  afmall  number  of 
metallic  fubftances  only.  It  diffolves  zinc,  iron,  and 
copper  well.    Their  folutions  evaporated  do  not  cry- 
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ftallife,  that  of  iron  excepted,  which  feems  fufceptible 
of  cry  ft  alii  fat  ion.  The  folutions  of  zinc  and  copper  be- 
come ductile  and  fofc  maffes,  refembling  extracts.  If 
we  urge  them  with  heat,  they  throw  out  lparks,  and 
appear  formed  of  true  phofphorus.  M.  Margraaf  and 
the  academicians  of  Dijon  have  examined  in  detail  the 
aclion  of  this  acid  on  the  metals  and  femimetals.  It 
precipitates  fome  metallic  folutions  likewife  ;  fuch  as 
that  of  mercury  in  the  nitrous  acid;  the  precipitate  of 
which  is  white,  and  is  redilfolved  when  the  mixture  is 
cxpofed  to  cold. 

The  folution  of  lead  in  the  fame  acid  is  in  like  man- 
ner precipitated  by  the  phofphoric  acid.  It  acts  on  the 
oils  ;  it  exalts  their  flavour,  and  imparts  to  thofe  that 
have  none  a  fweet  odour  like  that  of  ether.  It  thick- 
ens others.  When  diftilled  in  its  ftate  of  drynefs  with 
charcoal,  it  forms  phofphorus.  Heated  in  a  retort 
with  fpirit  of  wine,  it  afforded  to  the  academicians  of 
Dijon  a  very  acid  liquor,  which  burnt  with  a  little 
fmoke,  and  exhibited  feveral  of  the  properties  of  ether. 
This  experiment  (hows  that  the  phofphoric  acid  had 
acquired  volatility,  fince  the  produdl  was  acid.  Laftly, 
it  diffolves  the  fubftance  remaining  after  the  formation 
of  phofphorus  from  the  fufible  fait,  and  forms  by  fu- 
fion  with  it  a  hard  glafs,  infipid,  inloluble,  not  delique- 
fcent  ;  in  a  word,  the  fame  refult  as  that  left  after  the 
fufible  fait  has  been  urged  by  fire.  According  to  M. 
Prouft,  it  can  even  take  up  an  excefs  of  this  fub- 
ftance. 

This  acid  is  as  yet  of  no  ufe.  In  the  mean  time,  it 
merits  all  the  attention  of  phyficians,  fince  it  makes 
1  part  of  feveral  animal  fubftances,  and  is  fecreted  in 
;  greater  or  fmaller  quantities  by  the  urinary  veffels,  in 
Ithe  different  difeafes  which  attack  the  bones,  articula- 
i  tions,  &c. 

•It  is  proper  to  mention  here  what  Margraaf  ima- 
'  gines,  that  this  acid  can  very  well  exifl:  in  the  aliment, 
/  and  pafs  from  vegetables  to  animals ;  fince  be  fays  he 
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obtained  phofphorus  by  heating  charcoal  of  muftardV 
■wheat,  &c.  with  a  great  fire.  Some  chemifts  even  be- 
lieve the  phofphoric  acid  to  exift  in  minerals ;  but 
fuch  conjectures  are  not  to  be  regarded,  except  fo  far 
as  they  are  demonftrated  by  accurate  experiments. 

§  6.  Of  the  urinary  Calculi. 

The  calculi  or  (tones  which  form  in  the  human 
bladder,  conftitute  one  of  the  molt  terrible  difeafes 
"which  man  has  to  encounter.  Phyficians  have  more 
knowledge  of  the  origin  and  formation  of  thefe  con- 
cretions than  chemifts  have  of  their  nature.  There  are 
fome  analyfes  in  the  retort,  which  indicate  that  the  cal- 
culi yield  an  alkaline  phlegm,  a  little  oil,  and  much 
concrete  volatile  alkali :  it  is  known,  that  in  general  the 
acids  difiblve  them,  and  that  the  alkalis  have  alfo  a  re- 
markable acYion  upon  thefe  fubftances ;  but  they  have 
not  been  completely  enough  examined  to  form  an  ac- 
curate judgment  of  their  nature.  This  examination  will 
undoubtedly  furnilh  interefting  facls ;  particularly  at 
this  time,  when  fo  valuable  knowledge  is  acquired  of 
the  nature  of  the  bones,  with  the  bafe  of  which  the 
calculous  matter  has  been  long  known  to  have  the  great- 
eft  analogy.  It  is  very  probable,  that  the  fame  fait  as- 
in  the  bones  will  be  found  in  the  calculi  of  the  blad- 
der ;  and  the  analyfis  of  the  bones  may,  to  a  certain  de-- 
gree,  be  referred  to  that  of  thefe  concretions. 


LECTURE  LXVIH. 

Of  the  insensible  Perspiration  £/7</SwEAT. 

TJHysicians  have  difcovered  a  great  analogy  be- 
tween  the  urine  and  the  fluid  which  uTues  through 
the  Ikin  ;  they  know  that  thefe  fecretions  fupply  one  an- 
other's place  in  different  circumftances,  and  they  are 
naturally  led  to  confider  the  vapoury  fluid  of  tranfpira- 
fcion  as  of  tbc  fame  nature  with  urine.    However,  it  has 
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%>een  hitherto  impofiible  to  colled  a  fufficiently  great 
quantity  of  this  humour  for  chemical  investigation. 
The  practice  of  medicine  has  Ihown,  that  its  qualities 
vary  ;  that  its  fmell  is  infipid,  aromatic,  alkaline,  or 
four;  that  its  confidence  is  fometimes  glutinous,  thick, 
tenacious,  and  that  it  leaves  a  refiduum  upon  the  Ikin  ; 
that  it  frequently  tinges  linen  yellow  and  of  different 
fhades  ;  laftly,  M.  le  Count  de  Milly  has  obferved,  that 
through  the  pores  of  the  Ikin  a  gafeous  fluid  iflues., 
which  he  took  to  be  aerial  acid,  or  fixed  air.  There- 
fore a  great  number  of  experiments  remains  to  be  made, 
which  particular  circumftances  alone  will  be  able  to  give 
phyficians  the  opportunity  of  undertaking  and  pur- 
suing. 

Of  the  folid  Excrements  of  Animals. 

The  aliments  with  which  animals  are  nourifhed  con- 
tain a  great  quantity  of  matter  which  is  incapable  of  af- 
fording them  any  fupporr,  and  which  is  thrown  out  of 
the  interlines -in  a  folid  form.    The  excrements  are  co- 
loured by  a  portion  of  bile  which  they  carry  along  with 
them  ;  their  fetid  fmell  is  owing  to  the  commencement 
of  putrefaction  which  they  undergo  in  the  long  tract 
thro'  which  they  pafs  in  the  interlines.    Homberg  is  the 
only  chemifl  who  has  examined  thefe  matters.    He  has 
obferved,  that  the  phlegm  furnifhed  from  the  excre- 
ments, diftilled  in  a  balneum  marias,  was  of  a  difagree- 
able  fmell:  he  extracted  from  it,  by  waihing  and  eva- 
poration, a  fait,  which  fufes  like  nitre,  and  inflames  in 
clofe  veffels.    This  matter,  diftilled  in  a  retort,  yielded 
him  the  fame  products  with  the  other  animal- matters. 
Putrefied  excrements  furnifhed  him  an  oil  without  co- 
lour or  fmell,  which  did  not  fix  mercury  into  filver,  as 
he  had  been  told. 

It  muft  be  obferved,  that  the  feculent  matter  which 
Kamberg  examined  was  furmiihed  horn  men  who  were 
jnourifiied  with  bread  of  Gonefle  and  Champagne  wine* 
t  G  g  3  ISb 
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No  doubt,  the  kind  of  nourifhment  mud  influence  the 
faeces,  as  they  are  only  the  refiduum  of  the  aliments. 

Of  the  foft  and  white  Parts  of  Animals. 

Although  the  analyfis  of  the  foft  parts  of  animals  be 
lefs  advanced  than  that  of  their  fluids,  we  are  now  co- 
ming to  perceive  the  different  matters  of  which  they  are 
compofed.  We  mean  to  talk  here  only  of  the  foft  and 
white  parts,  becaufe  the  mufcles  and  the  bones  will  be 
treated  of  in  a  feparate  article. 

All  the  foft  and  white  parts,  fuch  as  the  membranes 
and  ligaments,  the  tendons  and  cartilages,  in  general 
contain  a  mucous  fubdance,  very  foluble  in  water,  and 
infoluble  in  fpirit  of  wine,  which  is  known  by  the  name 
of  gelly.    This  gelly  is  extracted  by  boiling  thefe  ani- 
mal parts  in  water,  and  by  evaporating  this  decoction 
to  a  folid  tremulous  mafs,  and  by  cooling.    If  it  is 
more  drongly  evaporated,  a  dry  fubdance  is  obtained, 
which  is  brittle  and  tranfparent,  and  known  by  the 
name  of  g/ue<    This  lad  is  prepared  with  all  the  white 
parts  of  animals.    With  the  {kin,  cartilages,  oxen  feet, 
the  ftrong  Englifh,  Flemifli,  and  Dutch  glue  is  prepa- 
red ;  with  ferpent's  fkin  the  glue  for  gilding  is  made ; 
with  the  parings  of  gloves  and  parchment  a  glue  is 
made,  which  is  ufed  by  the  painters,  &c. ;  and,  laitly, 
there  are  almoft  no  animals  whofe  tendons,  cartilages, 
nerves,  and  particularly  fkin,  cannot  ferve  for  the  pre- 
paration of  thefe  kinds  of  glue.    It  muft,<  however,  be 
obferved  upon  this  fubject,  that  glues  differ  from  one 
another  in  confidence,  colour,  tafte,  fmell,  and  folubi- 
lity.    Some  foften  very  well  in  cold  water;  others  dif- 
folvc  only  in  boiling  water.  The  bed  of  thefe  fubdances 
ought  to  be  tranfparent,  of  a  yellow  colour  inclining  to 
brown,  without  fmell  and  fade  ;  it  ought  to  diflblve  en- 
tirely in  water,  and  form  a  vifcous  uniform  fluid,  which 
dries,  preferring  a  tenacity  and  tranfparency  equal 
throughout. 

Animal 
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Animal  gelly  differs  from  glue,  properly  fo  called, 
only  in  its  having  If fs  vifcofity  and  confidence.^ 

The  firft  is  extra&ed  efpecially  from  the  white  and 
foft  parts  of  young  animals :  it  is  found  alfo  in  their 
flefh  or  mufcles,  in  their  fkin  and  bones.  Glue  is  ob- 
tained only  from  more  aged  animals,  whofe  fibre  is 
ftronger  and  more  dry.  However  it  be,  as  thefe  two 
fubftances  prefent  the  fame  chemical  phenomena,  we 
fhall  for  the  example  which  we  are  going  to  take,  pitch 
upon  the  gelly  which  is  yielded  by  the  cartilages  or  mem- 
branes of  a  calf. 

This  matter  has  almoft  no  fmell  in  its  natural  (late. 
Diflilled  in  a  balneum  mariae,  it  yields  an  infipid  phlegm 
without  fmell,  and  fufceptible  of  putrefying.  In  proportion 
as  it  lofes  its  water,  it  acquires  the  confidence  of  glue  ; 
and  when  fully  dried,  it  refembles  horn.  Expoled  to 
a  ftronger  fire  and  air,  it  fwells,  bubbles  up,  and  lique- 
fies ;  it  blackens,  and  emits  a  copious  fume  of  a  fetid 
fmell  ;  it  kindles  with  a  violent  heat  only,  and  (till  dif- 
ficultly. Diflilled  in  a  retort,  it  yields  an  alkaline 
phlegm,  an  empyreumatic  oil,  and  concrete  volatile  al- 
kali, or  mild  fal  ammoniac.  It  leaves  a  large  coal  very 
difficult  of  incineration,  and  containing  only  very  little 
fixed  alkali  and  febrifugal  or  marine  fait. 

The  gelly,  expofed  to  a  moift  and  hot  air,  pafles  very 
foon  to  acidity,  and  very  foon  after  that  putrefies. 

Water  diflblves  it  in  all  proportions.  The  acids,  and 
particularly  the  alkalis,  diffolve  it.  The  oils  and  fpirit 
of  wine  have  no  aftion  upon  it.  The  mofl  part  of 
thefe  properties  approximate  the  gelly  to  the  infipid  ve- 
getable juices,  if  we  except  that  of  giving  volatile  al- 
kali in  its  analyfis.  But  might  not  this  laft  property  be 
attributed  to  a  portion  of  lymphatic  matter,  which  water 
extracts  at  the  fame  time  with  the  gelatinous  fubftance, 
particularly  when  the  gellies  or  glues  have  been  prepa- 
red by  a  ftrong  and  long  decoction  ? 


£  g  4 


NATURAL  HISTORY 


Of  the  Flcjb  or  Mitfcles  of  Animals. 

The  mufcles  of  animals,  chemically  confidered,  are 
formed  of  a  parenchymatous  and  cellular  fubftance,  in 
which  different  humours  are  contained,  partly  concrete, 
and  partly  lluid.  Thefe  humours  are  compofed,  i.  Of 
a  red  and  white  lymph.  2.  Of  a  gelatinous  fubftance. 
3.  Of  a  fweet  oil  of  the  nature  of  fat.  4.  Of  a  parti- 
cular  extractive  fubftance.  Laftly,  of  a  faline  matter, 
whofe  nature  is  (till  little  known.  As  the  analyfis  of  en- 
tire flefli,  which  yields  in  a  balneum  marias  a  vapid  wa- 
ter, in  the  retort  an  alkaline  phlegm,  an  empyreumatic 
oil,  and  concrete  volatile  alkali,  which  leaves  a  coal 
from  which  a  little  fixed  alkali  and  febrifugal  or  ma- 
rine fait  is  extracted  by  incineration,  affords  no  accu- 
rate proof  of  the  nature  of  thefe  different  principles, 
recourle  muft  be  had  to  means  by  which  thefe  fubftan- 
ces  may  be  extracted  without  altering  them,  and  which 
allow  their  properties  to  be  examined  apart. 

In  order  to  obtain  and  feparate  thefe  different  fub- 
flances  inveftigated  by  M.  Thouvenel  *,  different  me- 
thods may  be  employed.  This  phyfician  ufed  expreffion 
in  order  to  obtain  the  fluids  in  fpongy  mufcles ;  the  ac- 
tion of  heat  to  coagulate  the  lymph,  and  to  obtain  the 
fait  by  evaporation  ;  water  to  difTolve  the  gelatinous 
mucilage  ;  fait,  and  extract,  and  fpirit  of  wine,  to  carry 
off  thele  two  laft  principles  without  the  gclly.    It  is  in 

ge- 

*  Id  this  place  the  medico-chemical  paper  of  thie  phyfician  fhould  be 
read,  which  treats  of  the  virtues  and  principles  of  the  animal  medicated 
fubttancesj  which  won  the  puze  of  the  Bourdeaux  Academy  1778. 

Thouvenel  has  paid  great  attention  to  the  analyiis  of  animal  mat- 
ters :  to  him  we  owe  feveral  difcoverie3  ;  but  we  would  do  well  to 
keep  in  fight,  that  as  his  intention  was  only  to  appreciate,  by  che- 
mical analyiis  and  obfervatious  the  medicinal  properties  of  thefe 
maters  ;  what  he  has  (aid  upon  their  nature  is  not  fo  full,  and  per- 
haps uot  fo  clear,  efpecially  with  regard  to  the  flefh  of  animals.  ?s 
could  have  been  wiflu-d  in  inquires  of  philofophical  chemiltry.  Jrif 
hjmfelf  has  made  the  fame  reflection  in  his  above-mentioned  work. 
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general  very  difficult  to  feparate  completely  thefe  differ- 
ent matters,  becaufe  all  are  foluble  in  water,  and  fpirit 
of  wine  dhfolves  the  foapy  extract  at  the  fame  time  and 
a  part  of  the  fait.  The  procefs  which  fucceeds  beft,  ap- 
pears to  be  that  which  confifts,  firft  in  warning  the  flefh 
in  cold  water,  which  carries  off  the  colouring  lymph 
with  a  part  of  the  fait ;  next,  in  digesting  the  refiduum 
of  this  warning  in  fpirit  of  wine,  which  diffolves  the  ex- 
tractive part  and  a  portion  of  the  fait ;  laflly,  in  boiling 
in  water  the  flefh  treated  by  thefe  two  proceffes.  This 
fluid  ditfblves  the  gelatinous  part  by  ebullition,  and  it 
carries  off  alio  the  portions  of  extract  and  fait  which 
have  efcaped  the  action  of  the  firft  menftrua. 

By  flowly  evaporating  the  firft  water  employed  cold, 
the  lymph  coagulates ;  it  is  feparated  by  filtration  ;  and 
the  flow  evaporation  of  the  filtrated  liquor  furnifhes  the 
faline  matter.  Upon  evaporating  likewife  the  fpirit  of 
wine,  the  colouring  extractive  matter  is  obtained  :  and, 
laftly,  deco&ion  furnifhes  the  gelly  and  fat  oil,  which 
fwims  upon  the  furface,  and  fixes  by  cooling.  After  the 
extraction  of  thefe  different  fubftances,  no  more  remains 
than  the  fibrous  texture;  it  is  white,  infipid,  foluble  in 
water ;  it  contracts  when  burning  ;  it  yields  a  great 
deal  of  volatile  alkali  and  very  fetid  oil  to  the  retort  ; 
laflly,  it  has  all  the  characters  of  the  fibrous  part  of  the 
blood.  Hence  it  feems  to  be  demonftrated,  that  the 
mufcular  organ  is  the  refervoir  in  which  the  action  of 
life  depofites  the  fibrous  matter,  which  becomes  con- 
crete by  repofe,  and  which  appears  to  be  the  focus  or 
the  bale  of  the  animal  property  called  irritability  by 
phyfiologifts. 

No  more  remains  for  us  in  knowing  completely  the 
flefh  of  animals,  but  to  examine  the  properties  of  each 
of  the  fubftances  of  which  it  is  compofed. 

The  lymph,  the  gelly,  and  the  fat  part,  are  already 
known  to  us  :  the  firft  perfectly  refcmbies  that  of  the 
blood.  We  muft  obferve,  that  it  is  it  which  upon  coagu- 
lation by  the  heat  of  water  in  which  the  meat  is  boiled  to 

make 
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make  broth,  produces  the  fcum,  which  is  taken  off 
with  care.  This  fcum  is  of  a  dirty  brown  red,  be- 
caufe  the  red  lymph  is  altered  by  the  boiling  heat.  The 
gelly,  extracted  from  the  flcfli,  generally  converts  into 
a  tremulous  mafs  the  broths  prepared  with  the  flefli  of 
young  animals,  which  contains  much  more  of  it  than  that 
of  old  ones;  it  is  entirely  fimilar  to  that  which  conftitutes 
the  white  and  foft  parts  of  animals,  whofe  proper- 
ties we  have  defcribed  in  the  preceding  article  The 
fat  matter  which  forms  the  flat  round  drops  which  fwims 
upon  the  furface  of  broth,  and  which  becomes  foiid  by 
cooling,  prefents  all  the  characters  of  fat,  We  have 
then  only  to  examine  the  extractive  matter  and  the  fait 
which  is  obtained  in  the  analyfis  of  the  mufcles. 

The  fubftance,  which  M.  Thouvenel  calls  mucous  ex- 
tractive, is  foluble  in  water  and  fpirit  of  wine  ;  it  has  a 
remarkable  tafte,  whilft  the  gelly  has  none  When  it 
is  very  concentrated,  it  forms  an  acrid  and  bitter  mat- 
ter ;  it  has  a  particular  aromatic  fmell,  which  heat 
evolves;  it  is  it  which  colours  the  broth,  and  which 
gives  it  the  agreeable  tafte  and  fmell,  which  is  peculiar 
to  it.  When  it  is  evaporated  too  much,  or  when  a  great 
quantity  of  meat  is  put  in  to  that  of.  the  water,  the  broth 
is  more  or  lefs  coloured,  and  more  or  lefs  acrid.  Lafllv, 
the  adion  of  heat  evolves  and  extracts  the  ta'te  of  this 
extractive  matter  almoft  to  the  point  of  communicating 
the  tafte  of  fugar  or  caramel,  as  is  obferved  at  the  furface 
of  roafted  meat.  If  we  examine  farther  the  properties  of 
this  extractive  fubftance  evaporated  to  a  dry  confiftence, 
it  is  obferved,  that  its  tafte  is  acrid,  bitter,  and  fait ;  when 
put  upon  a  burning  coal,  it  bubbles  up  and  liquefies,  ex- 
haling a  pungent  acid  fmell  fimilar  to  that  of  burnt  fugar ; 
expofed  to  the  air,  it  attracts  its  humidity,  and  forms  a 
faline  efflorefcence  at  its  furface  ;  it  turns  four  and  putrid 
in  a  warm  air,  when  it  is  diluted  in  a  certain  quantity  of 
water  ;  and,  laftly,  it  is  foluble  in  fpirit  of  wine.  All 
thefe  characters  approximate  this  fubftance  to  the  foapy 
extracts,  and  to  the  facchaiine  matter  of  vegetables. 
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As  to  the  fait  which  cryftallifes  in  the  flow  evapora- 
tion of  the  decoction  of  flefh,  its  nature  is  not  yet  fully- 
known.  M.  Thouvenel  obtained  it  in  the  form  of  down, 
or  in  that^  of  ill-formed  cryftals.  This  chemift  thinks 
that  it  is  a  perfect  neutral  fait,  formed  by  the  vegetable 
fixed  alkali  and  an  acid  which  has  the  character  of  the 
microcofmic  acid  in  frugivorous  quadrupeds,  and  the 
marine  in  carnivorous  animals  :  but  this  fait  fhould  be 
confidered  as  unknown,  till  a  fufficiently  great  quantity 
fhall  have  been  collected  to  afford  a  complete  examina- 
tion, efpecially  by  means  of  the  tefts.  It  is  necelfary  to 
obferve,  that  a  long  troublefome  labour  is  requifite  to 
free  it  of  the  extractive,  gelatinous,  and  lymphatic  mat- 
ters, which  blunt  its  properties. 

Of  the  Bones  of  Animals. 

The  bones  are  the  fupport  of  all  the  other  organs  of 
animals,  and  the  bafe  upon  which  all  the  foft  parts  reft. 
Thefe  hard  parts  ought  not  to  be  confidered  as  paflive  in 
the  animal-ceconomy  ;  they  are  real  fecretory  organs, 
which  feparate  from  the  blood  and  other  humours  a  par- 
ticular faline  matter,  of  which  they  are  the  depofition  or 
the  refervoir. 

The  bones,  confidered  in  all  animals  from  man  down 
to  infects  and  worms,  differ  in  their  texture,  folidity, 
pofition  relatively  to  the  mufcles,  and  probably  in  their 
nature.  Chemical  analyfis  has  not  yet  decided  this  laft 
point:  but  we  cannot  refufe  to  believe  that  the  bones 
of  man  and  quadrupeds  are  of  a  different  form  from  the 
foft  and  flexible  bones  of  fifhes,  reptiles,  and  efpecially 
the  horny  (keleton  of  infects,  and  likewife  from  the  cal- 
careous {hell  of  (hell-worms.  The  point  of  view  under 
which  we  muft  examine  animals  bones  here,  does  not 
allow  us  to  infift  upon  thefe  differences  which  chemifts 
have  not  yet  accurately  inveltigated,  fo  as  to  fix  the 
opinion  of  phyfiologifts. 

The  bones  of  man  and  quadrupeds,  which  alone  have 
been  hitherto  examined  by  chemifts,  are  not  earthy  mat- 
ters, 
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ters,  as  was  formerly  imagined  ;  they  contain  a  certain 
quantity  of  gelatinous  matter  difperfcd  in  the  fmall  ca- 
vities formed  by  the  reparation  of  the  folid  laminae, 
which  compofc  their  texture  ;  and  thefe  folid  lamina; 
themfelves,  which  in  their  infolubility  and  confidence 
feem  to  approximate  to  earthy  inarters,  have  been  thefe 
feveral  years  known  to  be  a  true  neutral  fait  formed  of 
the  phofphoric  acid  and  lime. 

Bones  expofed  to  the  fire  with  the  contact  of  air, 
kindle  by  means  of  a  certain  quantity  of  medullary  fat 
which  they  contain.  If  they  are  diltilled  in  a  retort,  they 
yield  an  alkaline  phlegm,  a  fetid  empyreumatic  oil,  and 
a  great  deal  of  concrete  volatile  alkali.  Their  coal  is 
compact ;  it  inc  inerates  with  very  great  difficulty ;  it 
leaves  a  white  reficluum,  which  furniflies  by  wafhing 
with  cold  water  a  fmall  quantity  of  foda  or  natrum. 

Hot  water  next  carries  off  a  fmall  quantity  of  felenite. 
What  remains  after  thefe  ablutions  is  infoluble  in  water; 
it  is  a  calcareous  phofphoric  fait,  which  the  vitriolic  and 
nitrous  acids  are  fufceptible  of  decompofing. 

The  water  in  which  we  boil  bones,  reduced  into 
fmall  pieces  or  grated  down,  is  mixed  with  a  fubftance 
which  gives  it  vifcidity,  and  is  a  true  gelatinous  matter. 

The  alkalis  are  capable  of  decompofing  the  calcare- 
ous phofphoric  fait,  which  forms  the  bafe  of  the  bones. 
This  decompofition  is  announced  by  the  Dijon  Acade- 
micians. They  fay,  that  they  effected  it  by  fufing  a 
mixture  of  calcined  bones  and  fixed  alkali. 

The  acids  act  upon  bones,  and  decompofe  the  phof- 
phoric fait  which  they  contain.  By  means  of  them 
Meifrs  Scheele  and  Gahn,  about  fix  years  ago,  extract- 
ed from  them  the  phofphoric  acid.  Thefe  chemifts  at 
firft  employed  the  nitrous  acid,  which  completely  difibl- 
ved  the  bones.  This  acid  feized  upon  the  lime,  with 
which  it  formed  calcareous  nitre,  which  remains  difTol- 
vedat  the  fame  time  with  the  phofphoric  acid.  Into  this 
mixture  they  poured  fome  vitriolic  acid,  which  carried 
off  the  lime  of  the  calcareous  nitre,  and  formed  felenite : 
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tliey  feparated  this  laft,  which  precipitated  on  account  of 
its  infoluhility  by  filtration  :  laftly,  they  diftilled  in  a  re- 
tort the  filtrated  liquor,  which  was  a  mixture  of  nitrous 
and  phofphoric  acids ;  and  they  obtained  this  laft  in  the 
ftatc  of  phofphoric  glafs.  By  heating  it  in  a  retort  with 
fome  powdered  charcoal,  they  procured  phofphorus 
much  more  readily  than  had  been  done  from  the  re- 
refiduum  of  urine.  Meffrs  Poulletier  de  la  Salle  and 
Macquer  are  the  firft  who  repeated  thefe  excellent  ex- 
periments at  Paris.  Then  the  Dijon  Academicians, 
Rouelle,  Proult,  and  Nicolas,  communicated  their  re- 
fearches  and  proceffes.  Several  other  chemifts  exami- 
ned the  different  folid  matters  of  animals  ;  and  among 
thefe  laft,  M.  Berniard  extracted  phofphoric  acid  from 
foffil  bones,  from  thofe  of  the  whale,  porpoife,  elk,  ox, 
man,  from  the  teeth  of  the  fea-cow,  the  elephant's 
grinders ;  and  he  obferved  that  ail  thefe  bones  yielded 
the  fame  fubftances,  and  contained  the  phofphoric  acid 
in  different  quantities.  See  Phyjical  Journal,  Odober 
1781.  M.  le  Marquis  de  Bullion  alfo  extracted  foinc 
phofphoric  glafs  from  ivory. 

The  acid  of  phofphorus  is  extracted  from  bones  in 
the  following  manner :  The  bones  are  calcined  to 
whitenefs,  reduced  to  a  powder,  paffed  through  a 
fearch,  mixed  in  an  earthen  veffel  with  an  equal  part  of 
oil  of  vitriol,  and  a  fuffkient  quantity  of  water  added, 
fo  as  to  make  the  whole  of  a  milky  coniiitence :  the 
mixture  is  left  to  reft  for  fome  hours  :  after  the  decom- 
pofition  is  complete,  the  liquor  is  put  through  a  double 
cloth  ;  the  precipitate  is  warned  with  water  till  this  li- 
quor which  pafles  through  the  cloth  is  taftelefs,  and  no 
longer  precipitates  lime-water.  Then  we  are  certain 
that  the  refiduum  contains  no  more  free  phofphoric 
acid :  the  water  of  the  different  ablutions  is  evapora- 
ted; it  gradually  depofites  a  white  matter,  which  is  fe- 
lenite,  and  which  is  feparated  by  the  filtre  ;  this  felenite 
m'uft  be  carefully  warned  in  order  to  get  all  the  phof- 
phoric acid :  thefe  filiations  are  repeated  till  the  liquor 

depofite$ 


NATURAL  HISTORY 


depofites  no  more.  Then  the  liquor  is  evaporated  till 
it  put  on  the  confidence  of  honey  or  of  a  foft  extract ; 
it  then  acquires  a  brown  colour  and  a  fat  appearance. 
It  is  put  into  a  crucible,  and  heated  by  degrees,  till  it 
ceafe  to  emit  any  fulphureous,  as  if  aromatic,  odour, 
and  till  it  no  longer  boils.  In  this  ftate  this  matter  has 
a  femivitreous  confidence  and  acid  tafte  :  it  attracts  hu- 
midity from  air.  If  it  undergoes  a  ftronger  heat,  it  fu- 
fes  into  a  tranfparent  glafs,  hard,  infipid,  infoluble, 
mowing  no  mark  of  acidity  any  longer.  When  we  want 
to  obtain  phofphorus  from  it,  we  ought  not  to  wait  till 
the  refiduum  of  the  evaporated  acid  liquor  be  in  this 
ftate  of  infoluble  glafs,  becaufe  it  then  yields  it  only  by 
means  of  a  ftrong  heat,  and  much  more  flowly  than 
when  it  is  foft  and  deliquefcent.  It  is  reduced  into  phof- 
phorus by  reducing  it  to  powder :  mixing  it  with  half 
its  weight  of  very  dry  powder  of  charcoal,  it  is  intro- 
duced into  a  retort  of  freeftone,  to  which  a  recipient 
half  filled  with  water  is  adapted,  and  pierced  with  a  very 
fmall  hole,  Or  terminated  by  a  fyphon,  with  M.  Woulfe's 
apparatus :  a  gradual  heat  is  applied,  till  the  retort  be 
of  a  white  heat ;  then  the  phofphorus  runs  in  drops ; 
and  the  operation  continues  upon  the  whole  from  five  to 
feven  or  eight  hours,  according  to  the  quantity  of  matter 
which  we  are  drilling,  and  the  force  of  heat  which 
the  furnace  cangive.  From  fix  pounds  of  bones  twenty 
ounces,  or  a  little  more,  of  vitreous  refiduum,  are 
obtained  ;  and  this  refiduum  yields  from  three  to  four 
ounces  of  very  fine  phofphorus,  and  afewgros  of  phof- 
phorus half  decompofed. 

It  is  the  cafe  here  with  this  product,  extracted  from 
bones  by  the  vitriolic  acid,  as  with  the  refiduum  of  the 
fufible  fait  of  urine  decompofed  by  the  fire.  _  This  pro- 
duct is  not  pure  phofphoric  acid,  fince  it  yields  upon 
the  whole  only  a  fifth  of  its  weight  of  phofphorus ;  it 
appears  to  contain  a  certain  quantity  of  calcareous 
earth,  becaufe  the  felenite,  which  cannot  be  taken 
away 'entirely,  is  decompofed  by  the  concentrated  phof- 
phoric 
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|&horic  acid,  and  reforms  calcareous  phofphoric  fait, 
which  enters  into  fufion  by  means  of  the  excefs  of  vi- 
trefcible  acid.  Befides  that,  the  oifeous  phofphoric 
glafs  is  partly  formed  of  the  particular  fubftance  difco- 
vered  by  M.  Prouft,  which  feems  conftantly  to  accom- 
pany the  phofphoric  acid  combined  in  the  humours  of 
animals.  This  chcmift  has  not  yet  mown  the  procefs 
for  extracting  this  fubftance  from  the  oifeous  phofpho- 
ric glafs ;  but  the  examinations  which  he  has  promifcd 
of  this  important  fubject  will  furely  indicate  this  procefs, 
and  elucidate  in  a  great  degree  the  hiftory  of  this  pro- 
duct of  art.  Laftly,  fome  modern  chemifts  have 
thought,  that  the  phofphoric  acid  is  not  contained  in 
bones,  and  that  it  is  formed  by  the  vitriolic  acid  em- 
ployed in  its  extraction.  M.  Berniard  is  at  prefent  ftu- 
dying  to  decide  this  queftion  ;  and  we  may  expect  great 
fatisfaclion  from  this  chemilt's  inveftigations. 


LECTURE  LXIX. 

Of  the  different  Substances  ufeful  in  Medicine  or  the 

Arts,  which  are  extracted  from  different  Animals. 
TF  we  propofed  to  give  an  accurate  and  complete  ac- 
J_  count  of  all  the  fubftances  which  animals  furnifh  to 
medicine  and  the  arts,  we  mall  have  more  to  fay  upon 
this  fubject  alone  than  has  yet  been  delivered  upon  the 
animal-kingdom,  efpecially  if  we  fpeak  of  the  different 
animal-fubftances,  which  empiricifrn  or  blind  credulity 
formerly  introduced  into  medicine  as  famous  remedies, 
and  which  are  now  happily  regarded  as  entirely  ufelefs. 
Our  defign  is  to  mow  only  the  principal  of  thcfe  Jub- 
ilances ;  thofe  in  which  chemical  and  medicinal  expe- 
rience has  owned  very  remarkable  virtues,  or  which 
are  of  great  ufe  in  the  arts.  The  number  of  thefe  mat- 
ters is  not  very  confiderable  ;  and  the  molt  part  of  them 
is  fo  fully  known,  and  lb  excellently  handled  by  me- 
;  dical  authors,  that  we  Avail  offer,  in  a  few  words,  only 
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their  principal  properties ;  with  fo  much  the  more  rca~ 
fon,  that  they  almoft  all  relate  to  the  fluid  or  folid  Tub- 
ftanccs  of  animals,  which  we  have  been  juft  now  exa- 
mining. 

Among  the  matters  which  quadrupeds  furnifh,  we 
mail  choofc  caftor,  mufk,  and  cornu  ceVvi  or  hartf- 
horn.  Spermaceti,  produced  by  a  ceracea,  merits  a 
particular  examination.  Among  the  products  of  birds, 
we  (hall  relate  the  analyfis  of  eggs ;  the  amphibia, 
the  tortoife,  frog,  and  viper,  mail  have  a  feparate  ar- 
ticle. Ichthyocolla  alone  among  the  fifties  will  take  up 
our  attention.  The  clafs  of  infects  will  furnifh  a  greater 
number  of  fubjects :  we  (hall  take  notice  of  cantharides, 
ants,  millepedes ;  honey  and  wax,  refin,  lac,  kermes, 
cochineal,  and  lapides  cancrorum.  As  for  the  worms, 
among  which  we  comprehend  the  lumbrici,  oyfter- 
fhells,  mother-of-pearl,  the  bone  of  the  found,  we  (hall 
not  make  any  remark  about  them  here  ;  either  becaufe 
feveral  of  thefe  fubftances  have  not  been  analifed,  or 
becaufe  fome  df  them  entirely  refemble  thofe  which  we 
have  examined  before.  Laftly,  we  mall  terminate  our 
examination  of  the  products  of  the  animal-kingdom 
with  coral  and  coralline.  From  this  fhort  enumeration 
it  is  evident,  that  we  pafs  over  in  filence  a  great  num- 
ber of  other  matters  which  were  formerly  employed  in 
medicine :  fuch  are,  among  the  reft,  ivory,  unicorn, 
the  teeth  of  the  hippopotamus,  thofe  of  the  beaver  and 
wild  boar,  the  bones  of  the  (lag's  heart,  elk's  foot,  be- 
zoar  {tones,  civet,  the  blood  of  the  wild  goat,  in  qua- 
drupeds ;  the  fwallow's  neft,  goofc's  greafe,  peacock's 
dung,  the  membrane  of  the  chick's  ftomach,  among 
birds  ;  the  toad,  among  reptiles ;  the  gall  and  ftones  of 
the  carp,  ferpent's  liver,  perch-ftones,  the  jaws  of  the 
pike,  among  fifties ;  filk,  fpider's  web,  crab's  claws,  among 
infects ;  laftly,  fnails  a'nd  the  dentales,  among  the  naked  or 
covered  worms.  Of  all  thefe  fubdances,  fome  have  only 
fuch  virtues  as  exalted  imagination  has  beftowed  upon 
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them  ;  and  others  are  very  well  fupplied  by  thofe  which 
we  have  ftlected,  and  of  which  we  are  going  to  give 
the  particular  examination. 

Caflor.  1 

The  name  of  caflor  has  been  given  to  two  bags,  fi- 
fituated  in  the  inguinal  region  of  the  male  or  female 
beaver,  which  contain  a  matter  very  odorous,  foft,  and 
almoit  fluid,  whfen  they  are  recently  taken  from  the  ani- 
mal ;  but  which  dry,  and  put  on  the  confidence  of  a 
refin,  through  length  of  time.  This  fubftance  has  an 
acrid,  bitter,  naufeous  tafte :  its  fmell  is  ftrong,  aro- 
matic, and  even  fetid :  it  is  formed  of  a  coloured  reQ- 
nous  matter,  which  fpirit  of  wine  and  ether  diflblve  ; 
of  a  mucilage,  gelatinous  and  partly  extractive,  which 
water  carries  off;  and  a  fait,  which  cryftalfifcs  in  the 
aqueous  folution  when  evaporated,  but  whole  nature  is 
as  yet  a  fecret.  The  refin  of  caflor,  in  which  all  its 
virtue  refides,  feems  to  be  very  analogous  to  that  of  the 
bile.  All  the  fubftance  of  this  animal-p^oduft  is  con- 
tained in  membranous  cells,  which  rife  from  the  inter- 
nal tunic  of  the  bag  which  contains  them.  There  is  no 
accurate  analyfis  of  caftor  yet :  we  only  know,  that  it 
gives  a  little  effential  oil  and  concrete  volatile  alkali  to 
diftillation  ;  and  that  by  means  of  fpirit  of  wine,  ether,' 
and  water,  the  different  matters  of  which  it  is  compofed 
are  feparated.. 

In  medicine,  it  is  employed  as  a  powerful  antifpaf- 
modic  in  hyfteric  and  hypochondriacal  fits,  and  in  con- 
vulfions  which  depend  upon  the  fame  affection.  The 
mod  happy  and  ready  effects  are  frequently  produced 
by  4^  but  it  happens  fometimes  that  it  irritates  inftead 
or  calming,  according  to  an  unknown  difpofition  of  the 
nervous  and  fenfible  fyftem :  it  therefore  mould  be 
given  only  in  a  very  fmall  quantity  at  firft.  It  has  been 
&iven  with  fuccefs  alfo  in  the  epilepfy,  tetanus,  &c.  Its 
dofe  is  from  a  few  grains  to  half  a  gros  in  fubftance  :  it 
is  given  in  the  form  of  bolufes  :  it  is  frequently  mixed, 
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and  almoft  always  with  advantage,  with  opium  and  all 
the  calming  or  narcotic  extracts.  Its  fpirituous  and 
etherial  tincture  is  alio  made  ufe  of,  which  is  prefcribed 
from  a  lew  drops  to  twenty-four  or  thirty-fix  grains,  in 
convenient  drinks. 

Mufi. 

Musk,  a  fubftance  known  to  every  body  by  its  (Irong 
tenacious  fmell,  is  contained  in  a  bag  fituatcd  near  the 
umbilical  region  of  a  ruminant  quadruped  analogous 
to  the  antelope  and  kid,  and  which  differs  from  them 
fufficiently  to  make  a  particular  genus.  This  matter  is 
firmlar  to  caftor  in  its  chemical  properties.  It  is  a  re- 
fin,  united  with  a  certain  quantity  of  mucilage,  bitter 
extract,  and  fait.  It  is  often  adulterated.  Its  virtues 
are  more  exalted  than  thofe  of  caftor ;  it  is  more  ac- 
tive ;  therefore  it  is  employed  only  in  the  mod  preffing 
cafes.  It  is  given  as  a  powerful  antifpafmodic  in  con- 
vulfive  difeafes,  in  the  hydrophobia,  &c.  It  is  looked 
upon,  too,  as  a  violent  aphdrodinac.  We  ought  to 
be  very  careful  in  its  ufe,  becaufe  it  frequently,  excites-, 
inftead  of  allaying,  nervous  diibrders. 

Hartjhorn. 

Hartshorn  is  one  of  the  animal-fubftances  which 
is  moft  employed  in  medicine.  It  is  an  offeous  lub- 
flance,  which  differs  in  no  refpect  from  bones.  It  con- 
tains abundance  of  foft  gelly,  very  light  and  nouriih- 
ing,  which  is  extracted  from  it  by  boiling  it,  when  re- 
duced into  very  fmall  pieces,  in  eight  or  ten  times 
its  weight  of  water.  If  it  is  diltilled  in  a  retort,  it 
yields  a  reddifh  and  alkaline  phlegm  called  fpirit,  an 
oil  more  or  lefs  empyreumatic,  and  a  great  quantity 
of  mild  volatile  alkali.  In  the  operation  an  enormous 
quantity  of  gas,  in  great  part  inflammable,  is  difen- 
rraged.  As  the  volatile  fait  is  coloured,  it  is  digefted  in 
a  little  fpirit  of  wine,  which  carries  off  the  oil  that  ren- 
ders it  impure.  The  charry  refiduum  incinerated,  con- 
tains a  little  natrum,  felcnite,  and  a  great  quantity  of 

calcareous  j 


AND  CHEMISTRY. 


calcareous  phofphoric  fait,  which  is  decompofed  by  oil 
of  vitriol,  as  has  been  remarked  in  treating  of  the 
bones.  The  fpirit  and  fait  of  hartfhorn  are  employed 
In  medicine  as  very  good  antifpafmodics.  The  former, 
faturated  with  the  acid  fait  of  amber,,  forms  the  liquor 
cornu  cervi  fuccinatus.  Oil  of  hartfhorn,  rectified  with 
a  gentle  heat,  becomes  very  white,  odorous,  very  vola- 
tile, and  almoft  as  inflammable  as  ether:  it  is  known 
by  the  name  ofDippel's  animal-oil^  a  German  chemift, 
who  firft  prepared  it.  Formerly  a  great  number  of  rec- 
tifications were  employed  to  obtain  the  oil  very  white 
and  fluid.  Ic  is  fince  difcovered,  that  two  or  three  fuf- 
fice,  provided  they  have  been  done  with  the  precaution, 
i.  Of  introducing -the  oil  to  be  rectified  into  a  retort 
by  means  of  a  long  funnel,  fo  that  the  neck  of  the  vef- 
fel  may  be  very  clean  ;  for  a  fingle  drop  of  coloured  oil 
is  fufficient  to  communicate  colour  to  all  that  is  diftil- 
ling.  2.  Of  taking  only  the  firft  moft  volatile  and  white 
portions :  MefTrs  Model  and  Baume  made  thefe  obser- 
vations. M.  Rouelle  has  given  alfo  a  very  good  pro- 
cefs  for  obtaining  this  oil ;  it  confifls  in  diftilling  it  with 
water.  As  it  is  only  the  molt  volatile  and  moft  really 
ethereal  portion  contained  even  in  the  oil  of  the  firft  di- 
ftillation  which  the  heat  of  boiling  water  can  raife,  we 
are  certain  by  this  means  of  having  only  the  moft  fubtile 
and  penetrating  portion.  This  oil  has  a  brifk  fmell,  and 
a  fingular  lightnefs  and  volatility  ;  it  prefents  all  the  cha- 
racters of  vegetable  effential  oils;  it  feems  to  differ  from 
them  only  in  containing  volatile  alkali,  fince  it  turns  the 
fyrup  of  violets  green,  according  to  M.  Parmentier. 

This  oil  is  employed  in  drops  in  nervouSv  affections, 
epilepfy,  &c. 

Spermaceti. 

Spermaceti  is  an  oily,  concrete,  cryftaliine,  femi- 
tranfparent  matter,  of  a  particular  wild  fmell,  which  is 
obtained  from  the  cavity  of  the  cranium  of  the  whale, 
and  which  is  purified  by  liquefaction  and  feparation 
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from  another  fluid  inconcrefcible  oil,  which  is  mixed 
with  it.  This  fubftance  prefents  very  lingular  chemi- 
cal properties,  which  aflimilateit  on  the  one  fide  to  the 
fat  oils,  and  on  the  other  to  the  eflential  oils. 

Spermaceti,  heated  with  the  contact  of  air,  kindles 
and  burns  uniformly,  without  emitting  a  difagreeable 
fmell ;  very  fine  candles  on  that  account  are  made 
with  it  in  the  countries  where  it  is  manufactured,  at 
Bayonne,  Saint-Jean  de  Luz,  &c. 

If  it  is  diftilled  in  a  naked  fire,  it  gives  no  acid 
phlegm  like  the  fat  oils,  according  to  M.  Thouvenel ; 
but  it  all  pafles  over  almoft  quite  unaltered  into  the  re- 
cipient when  it  begins  to  boil,  and  it  leaves  in  the  re- 
tort a  charry  mark.  By  repeating  this  operation,  it 
lofes  its  folid  form,  and  remains  fluid,  without  being 
more  volatile. 

Spermaceti  expofed  to  hot  air  turns  yellow,  and  be- 
comes ranc'vd,  but  not  fo  eafily  as  the  other  concrete 
fat  oils.  The  water'  in  which  it  is  boiled  yields  by 
evaporation  only  a  fmall  mucofo-unctuous  refiduum. 

The  cauftic  alkali  diflblves  fpermaceti,  and  forms 
with  it  a  foap,  which  gradually  acquires  fdlidity  till  it 
become  friable. 

The  nitrous  and  marine  acids  have  no  action  upon 
it.  The  concentrated  vitriolic  acid  diflblves  it,  and 
alters  its  colour.  This  folution  is  precipitated  by  wa- 
ter like  oil  of  camphor. 

Spermaceti  unites  with  fulphur  like  the  fat  oils. 

The  fat  and  eflential  oils  diflblve  it  by  means  of  heat : 
hot  fpirit  of'  wine  alfo  diflblves  it,  and  allows  it  to  pre- 
cipitate by  cooling.  Ether  diflblves  it  in  the  cold,  or 
by  the  heat  of  the  hand  alone. 

Might  fpermaceti  be  to  the  fat  oils  what  camphor  is 
to  the  eflential  ? 

Medicine  formerly  made  very  extenflve  ufe  of  this 
fubftance;  a  great  number  of  properties  was  afcribed 
to  it.  It  was  ufed  efpecially  in  catarrhal  cafes,  ero- 
fjons,  ulcers  of  the  lungs,  kidneys,  Sec.    At  prei'ent  h 
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is  feldom  employed  except  as  an  emollient,  and  even 
in  a  fmall  quantity,  as  it  is  found  to  opprefs  the  fto- 
mach,  and  lo  occafion  naufea  and  vomiting. 

■  .  ■  Of  Eggs. 

The  eggs  of  birds,  and  in  particular  thofe  of  he^s, 
are  compofed,  i.  of  an  offeous  {hell,  which  contains  a 
gelly  and  ibme  calcareous  pholphoric  fait,  demon{tra" 
ted  by  M.  Bernfard  ;  2.  of  a  membranous  pellicle,  p'a" 
ced  below  the  fhell,  which  feems  to  be  a  texture  of 
fibrous  matter ;  3  .of  the  white;  4.  of  the  yolk  contained 
and  iufpended  in  the  middle  of  the  white.  Upon  this 
laft  fubltance  the  germ  is  fupported. 

The  white  of  an  egg  is  abfolutely  fimilar  to  the 
lymph  of  the  blood  :  it  is  vifcous,  gluey,  turns  the  fy- 
rup  of  violets  green,  and  contains  free  fixed  mineral 
alkali.  Expofed  to  a  gentle  heat,  it  coagulates  into  a 
white  opaque  mafs,  which  emits  an  hepatic  fmell  and 
gas.  This  white,  coagulated  and  dried  in  a  balneum 
marice,  yields  an  infipid  phlegm,  which  putrefies,  and 
acquires  the  hardnefs  and  reddifh  tranfparency  of  horn. 
Diftiiled  in  a  retort,  it  yields  concrete  volatile  alkali 
and  empyreumatic  oil :  its  coal  contains  a  little  mineral 
alkali.  The  white  of  an  egg,  expofed  to  the  air  in 
fmall  layers,  dries  rather  than  corrupts,  and  forms  a 
fort  of  tranfparent  varnifh.  It  difTolves  in  water  in  all 
proportions.  The  acids  coagulate  it :  if  this  coagu- 
lum,  diffolved  in  water,  is  filtrated,  the  fluid  which 
pafles  over  yields  by  evaporation  the  neutral  fait,  which 
fhould  be  formed  with  the  acid  employed  and  the  fixed 
mineral  alkali  contained  in  this  liquor.  Spirit  of  wine 
alfo  coagulates  the  white  of  an  egg. 

The  yolk  is  formed  in  great  part  of  a  lymphatic  mat- 
ter, but  is  mixed  with  a  certain  quantity  of  fweet  oil ; 
fo  that  this  mixture  dilfolves  in  water,  and  forms  a  kind 
of  animal  emulfion.  If  it  is  expofed  to  the  fire,  ic 
turns  into  a  mafs  lefs  folid  than  the  white ;  when  it  is 
dry,  it  becomes  fomewhat  fofter,  from  the  difengage- 
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ment  of  its  oil  which  i(Tues  out  at  its  furface.  If  in 
this  ftate  it  is  fubmitted  to  the  prefs,  this  oil  is  obtain- 
ed,  which  is  fweet  and  fat,  fmelling  and  tatting  fome- 
what  of  roalt  meat,  or  it  is  empyreumatic. 

The  yolk  of  an  egg  diftilled  after  the  extraction  of 
the  oil,  yields  the  lame  products  as  all  animal  mat- 
ters. 

The  acids  and  fpirit  of  wine  coagulate  it.  The 
fweet  oil  which  it  contains  eflablilhes  a  linking  analo- 
gy between  the  eggs  of  animals  and  the  grain  of  vege- 
tables, as  thefe  laft  alfo  contain  an  oil,  which  is  at  the 
fame  time  covered  with  a  mucilage,  and  reduced  to  the 
ftate  of  an  emulfion. 

Eggs  are  of  very  extenfive  ufe  as  an  aliment.  Its 
different  parts  are  ufed  in  pharmacy  and  medicine. 
The  fhell  calcined  is  ufed  as  an  abforbent.  The  oil  of 
an  egg  is  an  emollient :  it  is  ufed  externally  in  burns, 
chaps,  &c.  The  yolk  of  an  egg  renders  oils  foluble  in 
water,  and  forms  lohochs.  It  is  triturated  with  refins. 
The  whites  of  eggs  are  employed  with  fuccefs  in  phar- 
macy and  butteries,  to  clarify  the  juices  of  plants, 
weak  milk,  fyrups,  liquors,  &c.  It  is  alfo  employed 
to  preferve  the  furface  of  tables,  upon  which  it  forms 
a  tranfpareht  varnifh. 

Of  the  Torlo'fa  Frog,  and  Viper. 

These  three  animals  are  employed  in  medicine : 
broths  are  made  with  their  flem  and  their  bones,  to 
which  particular  virtues  are  nfcribed.  It  would  indeed 
appear  that  the  zoophyte  animal?,  whofe  humours  are 
more  attenuated  than  thofe  of  mod  quadrupeds,  whofe 
parts  have  in  general  a  ftronger  and  quite  particular 
fmell,  and  appear  to  contain  more  faline  matter,  as 
they  furnifh  much  volatile  alkali  upon  diflilling  them 
with  a  gentle  heat,  after  they  have  been  triturated  with 
oil  of  tartar ;  thefe  animals,  I  fay,  feem  to  enjoy  more 
powerful  and  more  numerous  virtues.  However,  ma- 
ny phyficians  doubt  of  their  energy,  and  afcribe  them 
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to  the  other  animals.  In  fpite  of  this  opinion,  it  is  (till 
a  pra&ice  to  prefcribe  broths  of  tortoife  and  frog  flcfh, 
in  languid  habits,  confumptions  without  any  apparent 
caufe,  to  convalefcents  from  acute  difeafes  ;  and  good 
efle&s  are  experienced  from  them  frequently.  It  feems 
that  their  decoctions  are  more  nourifliing,  more  light, 
and  endued  at  the  fame  time  with  a  certain  activity, 
which  their  Itrong  fmell  and  particular  tafte  fufficiently 
demonstrate. 

Vipers  are  accounted  more  active.  The  ancients 
boafted  greatly  of  their  virtues  in  difeafes  of  the  fkin, 
brealt,  chronic  affections,  where  the  lymph  is  vitiated.: 
We  cannot  be  hindered  from  believing,  that  their 
broths  are  better  reftoratives  than  aliments,  and  ought 
to  produce  depurations  by  the  ikin,  by  means  of  their 
exalted  fpiritus  rector.  They  are  alfo  administered 
entire,  and  as  aliments,  and  with  fuccefs  in  the  fame 
difeafes. 

The  chemical  analyfis  of  thefe  animals  demonftrated 
to  M.  Thouvenei  a  gelly  lighter  or  heavier,  confident  or 
vifcous ;  an  acrid  extract:,  bitter  and  deliquefcent ;  a 
concrefcible  aluminous  matter ;  an  ammoniacal  fait, 
and  an  oily  fubftance  of  a  particular  tafte  and  fmell, 
fometimes  foluble  in  fpirit  of  wine,  &c.  See  this  au- 
thor's Memoirs  upon  the  Medicinal  Animal  Subftan- 
ces,  p.  6.  to  21. 

Ichthyocolla. 

Ichthyocolla,  or  fifh-glue,  is  a  fubftance  in  part 
gelatinous  and  in  part  fibrous,  which  is  prepared  by 
rolling  the  membranes  which  form  the  vas  natatorius 
of  the  fturgeon,  and  of  feveral  other  fiflies,  and  by 
drying  them  in  the  air,  after  forming  them  into  a  cord 
twifted  into  a  heart.  This  matter  gives  a  vifcid  gelly 
by  ebullition  in  water.  When  it  is  macerated  fome 
time  in  this  fluid,  it  cannot  be  folded  and  extended 
into  a  kind  of  membrane.  It  is  never  brittle,  as  the 
glues  properly  fo  called ;  but  it  is  flexible,  on  account 
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of  its  fibrous  and  elaftic  texture.  A  kind  of  it  is  alfo 
prepared  by  the  decoclion  of  the  (kin  and  intdtines  of 
fifties  ;  but  it  has  not  the  fame  properties  in  the  arts, 
Ichthyocolla  yields  ail  the  produfts  of  other  animal  fob. 
fiances.  It  may  be  employed  in  medicine  as'an  emol- 
lient in  difeafes  of  the  throat,  inteftines,  &c.  j  but  fe- 
veral  other  vegetable  fubftanccs  are  generally  preferred 
which  enjoy  the  time  properties.  In  the  arts,  it  is 
ufed  to  clarify  liquors,  wine,  coffee,  &c.  It  forms  a 
filtre,  which  carries  from  their  bottom  up  to  their  lurrace 
the  llrange  matters  which  alter  their  tranfparency. 


LECTURE  LXX. 

Cantharides,  Ants,  Millepedes. 

"JTNsects  have  alfo  been  very  little  examined  by  chc- 
Jg_  miffs :  however,  the  fmgularities  which  fome  have 
prefenteu  in  their  anlyiis,  mow  that  inquiries  of  this 
kind  will  be  interefting  to  medicine  and  the  arts.  We 
are  going  to  give  here  the  refult  of  the  experiments 
made  upon  three  infects  j  two  of  which  are  employed 
in  medicine,  and  the  other  prefents  chemical  facts,  too 
interefting  to  be  paffed  over  in  filence. 

i.  Spaniili  flies,  or  cantharides,  a  remedy  fo  im- 
portant on  account  of  its  corrofive  and  epifpaftic  quali- 
ties, are  formed,  according  to  M. Thouvenel,  i.ofa 
parenchyma,  whofe  nature  has  not  been  demonftrated, 
and  which  makes  the  half  of  the  weight  of  thefe  infects 
dried  ;  2.  of  three  gros  in  the  ounce  of  a  reddifh  yel- 
low extractive  matter,  very  bitter,  which  yields  an  acid 
to  diftillation  ;  3.  of  twelve  grains  in  the  ounce  of  a  yel- 
low and  waxen  matter,  to  which  thefe  animals  owe 
their  golden  yellow  colour  ;  4.  of  fixty  grains  of  an  oily 
green  fubftance,  analogous  to  wax,  of  an  acrid  tafte, 
in  which  principally  the  odour  of  cantharides  refides. 
To  diilillation  this  fubftance  yields  a  very  pungent  acid, 
and  a  concrete  oil  like  wax.  Water  diffolvcs  the  ex- 
tract y 
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tract,  the  yellow  oil,  and  even  a  little  of  the  green  oil ; 
but  ether  alone  attacks  this  fubftance,  and  may  be  em- 
ployed with  fuccefs  to  feparate  it  from  the  other?.  Up- 
on this  kind  of  green  wax  depends  the  virtue  of  the 
cantharides.  This  laft  fubftance  is  extracted  at  the 
feme  time  with  the  extractive  matter,  and  a  tincture  is 
formed  very  copious  in  thefe  infects,  by  employing  a 
mixture  of  equal  parts  of  water  and  fpirit  of  wine.  By 
gliftilling  this  mixt  tincture,  a  fpirit  of  wine  is  extrac- 
ted, which  preferves  a  flight  colour  of  the  cantharides  ; 
and  the  different  matters  which  it  kept  in  folution,  fe- 
parate from  one  another  as  the  evaporation  proceeds. 

2.  The  ants  have  been  analyfed  by  Meffrs  Margraaf 
and  Thouvenel.  Thefe  chemifts  found  that  they  con- 
tained a  particular  acid,  a  fat  oil,  and  an  extractive 
matter.  The  fecond  pufhed  his  inquiries  much  far- 
ther. Upon  diftilling  thefe  infects  with  water,  the  fluid 
which  was  obtained  is  but  flightly  acid.  With  a  view 
of  collecting  this  faline  principle,  M.  Thouvenel  ex- 
tended pieces  of  linen  impregnated  with  oil  of  tartar 
upon  ants  with  the  fkins  taken  off.  The  ants  emitted 
their  acid,  and  the  odorous  principle  of  the  fame  na- 
ture, which  they  emit  in  fo  great  abundance  as  to  fa- 
turate  the  fixed  alkali  fpread  upon  the  cloth.  The  ley 
of  thefe  falts  evaporated  yielded  a  neutral  fait,  cryftal- 
llfed  in  flat  parallelograms,  or  in  prifmatic  columns,  not 
dcliquefcent,  whofe  acid  appeared  to  this  chemift  to 
have  all  the  characters  of  that  of  the  microcofmic  or 
fufible  fait.  Spirit  of  wine  digelted  upon  ants  extrac- 
ted a  little  efiential  oil  from  them,  which  constitutes 
with  this  fluid  the  fpirit  of  magnanimity.  If  thefe  in- 
fects are  boiled  in  water,  and  then  preffed  through 
cloth,  a  fat  oil  is  got,  which  amounts  to  thirteen  gros 
in  the  pound.  This  oil  is  of  a  greenifh  yellow  ;  it  con- 
geals in  a  temperature  much  lefs  cool  than  that  in  which 
oil  of  olives  congeals,  and  it  is  very  analogous  to  wax. 
The  water  of  the  decoction  evaporated,  yields  a  red- 
difli  brown  extract  of  a  fetid  fmell,  acidulous,  and  like 
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checfe;  of  a  bitter,  naufeous,  and  acid  tafte.  This 
extract  feparates  into  two  fubftances  by  the  fucceflive 
application  of  water  and  fpirit  of  wine.  The  paren- 
chyma of  ants,  deprived  of  thefe  different  fubftances, 
amounts  to  three  ounces  two  gros  in  the  pound. 

3.  The  palmers,  millepedes,  afelli,  porcelli,  onifci, 
&Q,  mowed  to  M.  Thouvenel  fome  differences  in  their 
ana^fis.  Diftilled  in  a  balneum  marise  without  addi- 
tion, they  yielded  an  infipid  alkaline  phlegm,  fometimes 
effervefcing  with  acids,  and  turning  fyrup  of  violets 
green.  In  this  operation  they  loft  five-eighths  of  their 
weight  ;  then  treated  by  water  and  fpirit  of  wine,  they 
furniflied  in  the  ounce  two  gros  of  l'oluble  matter,  of 
which  more  than  two-thirds  were  extractive  matter,  and 
the  reft  an  oily  or  waxen  fubftance.  Thefe  two  fub- 
ftances are  feparated  by  ether,  which  diffolves  the  laft 
without  touching  the  extract.  Thefe  matters  differ  from 
thofe  of  cantharides  and  ants,  in  their  yielding  more 
concrete  volatile  alkali,  and  no  acid  in  their  diftillation. 
M.  Thouvenel  upon  this  fubject  has  obferved,  that  in 
infects  the  millepedes  feem  to  be  to  the  cantharides  and 
ants,  what  the  reptiles  are  relatively  to  quadrupeds. 

As  to  the  neutral  fairs  contained  in  infects,  they  are 
in  greater  quantity,  and  very  difficult  of  extraction. 
M.  Thouvenel  fays,  that  the  millipedes  and  earth-worms, 
lumbrici,  conftantly  yielded  marine  fait  with  earthy  and 
vegetable  alkaline  bafe  ;  whilft  in  ants  and  cantharides 
thefe  two  bafes,  the  firft  of  which  always  leemed  to  him 
the  moft  abundant,  are  united  with  an  acid,  which  has 
the  character  of  the  microcofmic  acid.  It  is  neceffary  to 
obferve  that  this  chemift  has  given  in  his  differtation  nei- 
ther the  means  of  extracting  thefe  falts,  nor  the  proceffes 
which  he  employed  in  the  inveftigation  of  their  nature. 

They  are  feldom  employed  in  medicine,  except  can- 
tharides and  millepedes.  Thefe  laft  appear  to  aft  only 
as  ftimulants  and  flight  diuretics;  and,  from  the  expe- 
riments of  M.  Thouvenel,  they  ought  not  to  be  employ- 
ed in  a  ftronger  dofe  than  what  is  generally  employed. 
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'The  expreffed  juice  of  forty  or  fifty  living  millepedes 
given  in  an  emollient  drink,  or  mixed  with  the  juice  of 
certain  aperient  plants,  may  be  employed  with  luccefs 
in  the  jaundice,  ferous  maladies,  a  ferofa  colluvie,  milky 
collections,  &c.  As  to  the  cantharides,  it  is  one  or'  the 
moll  powerful  medicines  which  medicine  polfeflfes.  M. 
Thouvencl  himfelf  experienced  the  effects  of  the  green 
wax  matter,  in  which  the  virtue  of  thefe  infects  refides : 
applied  to  the  flan  in  the  dofe  of  nine  grains,  it  raifed 
a  blifter  full  of  ferofity,  as  the  cantharides  in  powder  do. 
Jnit  what  is  mod  valuable  in  thefe  experiments  upon 
this  powerful  remedy,  is  what  this  phyfician  obferved 
from  the  effects  of  the  fpirituous  tincture  of  the  flies. 
He  employed  it  with  great  fuccefs  externally,  in  the  dofe 
of  two  gros  to  two  ounces  and  a  half,  in  rheumatic  and 
fciatic  pains,  irregular  gout.  It  heats  the  parts,  accele- 
rates the  motion  of  circulation,  excites  the  evacuation  by 
fweat,  urine,  (tool,  according  to  the  parts  upon  which 
it  is  applied.  He  alio  relates  fome  good  effects  from  its 
internal  ufe  by  foreign  phyficians.  But  young  phy- 
sicians ought  to  be  very  cautious  in  the  internal  ufe  of 
this  medicine  ;  it  has  beenfeento  occafion  frettings  of  the 
ikin,  inflammations,  fpittings  of  blood,  pains  in  the  kid- 
neys, bladder,  dyfuries,&c,  Vid.  Dijfert.  cit.  M.Thouve- 
«e/}  p.  46.— -50. 

Of  the  Honey  and  Wax. 

These  two  matters,  prepared  by  the  bees,  feem  to 
belong  to  the  vegetable  kingdom,  as  thefe  infects  go  to 
collect  the  tirft  in  the  nectaria  of  the  flowers,  and  the 
fecond  in  the  anthera  of  their  ftamina.  However,  they 
have  undergone  a  particular  elaboration;  and  befides, 
1  as  they  are  extracted  after  the  labour  of  the  bees,  their 
properties  mould  be  examined  in  the  hiftory  of  infects,  j 
Honey  is  a  matter  perfedly  fimilar  to  the  faccharine 
juices,  which  we  have  examined  in  vegetables.  It  has  a 
white  or  yellow  colour,  a  foft  and  granulated  confiftence, 
a  faccharine  and  aromatic  tafte.    A  true  fugar  may  be 
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cxtrafted  with  fpirit  of  wine  and  water,  by  means  of 
certain  manipulations.  It  yields  an  acid  phlegm  and 
an  oil  to  the  retort ;  and  its  coal  is  rare  and  lpongy, 
like  that  of  the  mucilages  of  plants.  The  nitrous  acid 
extracts  from  it  an  acid  entirely  analogous  to  that  offu- 
gar.  It  is  very  foluble  in  water ;  it  forms  a  fyrup,  and 
it  paries  as  fugar  does  to  the  fpirituous  fermentation.  It 
is  a  very  good  aliment,  and  an  emollient,  pectoral, 
and  fiightly  aperient  medicine.  It  is  given  diffolved  in 
water  and  mixed  with  vinegar,  called  oxymel;  it  is  often 
combined  with  fome  acrid  plants,  as  when  it  forms  the 
oxymel  fcilliticum,  colchicum.  It  forms  the  bafe  of  fe- 
veral  medicines,  which  bear  its  name,  as  mel-rofarum, 
rofe-water,  mei  mercuriale,  Sic. 

AVax  is  a  concrete  oily  juice,  analogous  to  the 
folid  fat  oils,  fuch  as  the  butter  of  Cacao  j  and  ftill 
more  fo  to  the  royal  pigment  of  China.  Although 
it  cannot  be  doubted  that  this  fubftance  comes  from 
the  flamina  of  flowers,  it  is,  however,  demonftrated, 
that  it  receives  in  the  body  of  the  animal  a  particu- 
lar elaboration  ;  fincc,  according  to  the  effays  of  M.  de 
Reaumur,  a  flexible  powder  cannot  be  made  with  the 
powder  of  the  antheras.  The  wax,  which  compofes  the 
cells  of  the  bees,  is  yellow,  of  an  infipid  tafte;  it  is  white- 
ned by  expofure  to  the  dew  and  the  air,  after  it  has  been 
reduced  into  minute  laminae;  it  foftens  when  heated 
with  a  gentle  fire,  fufes,  and  forms  a  tranfparent  oily 
fluid  ;  it  becomes  folid  and  opaque  by  cooling.  When 
it  is  heated  with  the  contact  of  air,  it  kindles  as  foon  as 
it  is  volatilifed  ;  fuch  is  the  effect  produced  by  the  wick 
of  candles.  If  it  is  diltilled  in  a  retort,  it  yields  an  acid 
phlegm  of  aftrong  pungent  fmell,  an  oil  at  firft  fluid, 
which  afterwards' fixes  in  the  receiver,  and  has  the  con- 
fidence of  butter ;  it  leaves  only  a  very  fmail  quantity 
of  coal,  very  difficult  of  incineration.  By  feveral  times 
rectifying  the  butter  of  wax,  it  becomes  fluid  and  vola- 
tile. Wax  is  not  alterable  by  the  air ;  it  becomes  co- 
loured by  it  in  a  certain  time  j  it  diffolves  in  the  oils,  to 
5  which 
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which  it  gives  confidence.  By  melting  it  in  thefe  fluids 
with  a  gentle  heat,  it  forms  medicines,  called  cerates. 
Spirit  of  wine  has  no  adion  upon  wax.  The  acids 
blacken  it ;  the  alkalis  combine  with  it,  and  convert  it 
into  a  foapy  flate. 

Wax  is  employed  in  a  great  number  of  arts;  it  is  em- 
ployed in  pharmacy  to  make  liniments,  ointments,  and 
platters. 

Kef  in  Lac, 

The  improper  name  of  gum  lac  has  been  given  to  a 
refinous  fubftance  of  a  deep  red,  which  is  depofited  upon 
the  branches  of  trees  by  a  kind  of  ant  particular  to  the 
Eaft  Indies.  This  fubftance  appeared  to  M.  GeofFroy, 
Memoirs  of  the  Academy  17 14,  a  kind  of  hive  in  which 
the  ants  depolite  their  eggs.  Indeed,  if  the  lac  is  brui- 
ied  into  flicks,  it  is  found  filled  with  fmall  cavities  or  re- 
gular cells,  in  which  fmall  oblong  bodies  are  placed, 
which  GeofFroy  confidered  as  the  embryos  of  the  ants. 
This  chemift  thinks  that  the  lac  owes  its  colour  to  this 
animal  matter.  He  confiders  this  laft  as  a  true  wax  : 
however,  its  drynefs,  the  aromatic  fmell  which  it  emits 
upon  burning,  and  its  folubility  in  fpirit  of  wine,  feem 
to  approximate  it  to  the  refins ;  it  yields  to  diftillation  a 
kind  of  butter,  according  to  the  fame  author.  In  com- 
merce, we  diftinguifh  lac  in  flicks,  lac  in  grains,  and  flat 
lac.  It  muft  be  obferved,  that  many  other  colouring 
:  fubflances,  and  in  particular  the  red  animal  or  vegetable 
feculie,  prepared  in  a  particular  manner,  are  called  in 
dyeing  by  the  name  of  lacs.  Refin  lac  is  ufed  in  the 
Levant  for  painting  cloths  and  fkins.  It  makes  the 
bafe  of  fealing-wax.  A  tinfture  of  it  is  made  with  fpi- 
ritus  cochleariK.  It  enters  the  troches  of  karabe,  den- 
tifrice powders  and  opiates,  fmelling  paftes,  &c. 

Of  Kermes  and  Cochineal. 

Kermes,  coccus  infe£lorius,  was  confidered  by  the 
I  firft  naturalifls  as  a  tubercle  or  an  excrefcence  of  plants. 
)  More  accurate  obfervation  has  mown,  that  it  is  the  fe- 
male 
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male  of  an  infect,  ranked  among  the  hemipternc  by 
M.  Geoffroy.  This  female  infect  fixes  to  the  leaves 
of  the  green  oak  ;  after  having  been  fecundated,  it. 
turns  larger,  grows  up,  and  foon  afiumes  the  form  of 
an  infect ;  it  reprefcnts  a  round  brown  (hell,  under 
which  are  comprehended  eggs  in  very  great  number. 
This  fhell  was  formerly  employed  in  dyeing  ;  its  ufe 
was  given  up  after  cochineal  was  known.  Kermes 
prefents  the  fame  chemical  properties  as  this  laft. 

There  was  the  fame  miftake  about  cochineal  as  about 
kermes  :  it  was  a  long  time  confidered  as  a  grain.  Fa- 
ther Plumier  is  one  of  the  firlt  who  difcovered  this  error. 
Indeed  this  fubftance  is  the  female  of  an  hemipterous  in- 
fect, which  differs  from  the  kermes  in  this,  that  it  pre- 
ferves  its  form  although  fixed  upon  plants.  Cochineal 
employed  in  dyeing  grows  upon  the  opuntia,  the  Indian 
fig-tree.  It  is  cultivated  in  great  quantities  in  South, 
America.  Geoffroy,  who  analyfed  it,  found  in  it  the 
fame  principles  as  in  the  kermes ;  he  got  from  it  fome 
volatile  alkali.  The  form  of  this  infect  may  be  feen  by 
macerating  this  infect  in  water.  Cochineal  is  employed 
to  make  carmine,  and  in  dyeing.  A  crimfon  or  fcarlet 
colour  is  extracted  from  it,  according  to  the  manner  in 
•which  it  is  ufed.  As  it  is  an  extractive  colouring  mat- 
ter, it  cannot  be  fixed  upon  the  fubllances  to  be  dyed 
without  the  afliftance  of  fome  active  fubftance.  It  acts 
eafily  upon  wool,  and  dyes  it  fcarlet  by  means  of  the  fo- 
lution  of  tin  in  aqua  regia,  which  decompofes  the  co- 
louring extract,  and  fingularly  exalts  the  colour.  This 
colour  could  not  be  given  to  filk  before  the  difcovery  of 
M.  Macquer.  This  chemift  found  the  method  of  fixing 
it  upon  this  fubftance,  by  impregnating  the  filk  with  the 
Solution  of  tin  before  plunging  it  into  the  bath  of  co- 
chineal, inftead  of  mixing  this  folution  in  the  bath,  as  is 
done  to  wool. 

Of  Crab's  Eyes  and  Coral. 

The  ftony  concretions,  falfely  called  crab's  eyes,  occuh 
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cancrortim,  are  found  two  in  number  in  the  interior  and 
inferior  part  of  the  ftomach  of  thefe  infetts.  They  are 
round,  convex  on  one  fide,  concave  on  the  other,  and 
fituated  between  the  two  membranes  of  their  ftomach. 
As  they  are  found  only  when  the  crabs  are  changing 
their  fkin  and  ftomach,  and  as  they  are  gradually  de- 
ftroyed  in  proportion  as  their  new  covering  acquires 
confiftence,  it  is  believed  with  great  probability,  that 
they  ferve  for  fhe  reproduction  of  the  calcareous  fub- 
ftance  which  makes  the  bafe  of  their  fcales. 

Thefe  ftones  have  no  tafte ;  and  contain  a  fmall 
quantity  of  gelatinous  matter.  They  are  prepared  by 
warning  them  feveral  times,  and  porphyrifing  them  with 
a  little  water  to  reduce  them  into  a  foft  pafte,  which  are 
moulded  into  troches  and  drie^.  The  water  employed 
in  warning  carries  off  what  animal  gelly  thefe  ftones 
contain,  and  no  more  than  the  earthy  fubftance  remains. 
When  prepared  in  this  way,  they  make  a  brifk  efferve- 
fcence  with  all  acids,  and  are  abfolutely  of  the  fame  na- 
ture with  chalk.  They  have  no  other  virtue  than  that  of 
abforbing  acidities  in  the  primes  viae.  From  the  very 
doubtful  opinions  about  all  thefe  animal  fubftances  in 
general,  they  have  been  accounted  aperient,  diuretic, 
and  even  cordial  remedies. 

Coral  is  quite  of  a  fimilar  nature  ;  it  is  a  kind  of  cal- 
careous white,  rofy,  or  red  ramification,  which  forms  the 
bafe  of  the  habitation  of  the  polypi.  It  is  prepared  in 
the  fame  way  as  crab's  eyes  ;  it  enters  the  confection  al- 
kermes,  la  poudre  degtittete,  troches  of  karabe.  Num- 
berlefs  properties  are  afcribed  to  it  j  but  it  has  abfolutely 
1  no  virtue  but  that  of  a  ,pure  abforbent,  unlefs  com- 
bined with  the  acids.  It  is  frequently  employed,  jufl 
as  crab's  eyes,  in  the  ftate  of  a  neutral  fait,  formed  with 
vinegar  or  citron  juice,  as  an  aperient,  diuretic,  &c. 

Of  Coralline. 

Coralline,  called  fea-mofs,  is  a  habitation 
particular  to  the  polypi.  It  yields  to  the  retort  the 
fame  principles  as  animal  fubftances  j  it  has  a  faline 
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taftc,  bitter  and  difagreeable  ;  it  is  fuecefslully  employed 
as  a  vermifuge ;  it  is  given  in  powder  in  the  dofe  of 
twenty-four  grains  to  children,  and  incrcafed  to  two 
gros  or  more  to  adults.  An  anthelminric  fyrup 
made  of  itj  it  enters  the  compofiton  of  the  worm- 
powder. 

Of  the  Chemical  Analyfis  of  Animals  and  Vegetables. 

If  naturalifts  and  anatomuts  have  found  very  great 
analogies  between  the  ftructure  and  functions  of  vege- 
tables and  animals,  with  a  view  of  ymiting  thefe  two 
clafl'es  of  bodies  into  one  kingdom  alone,  called  organic; 
chemifts  have  not  found  lefs  ftriking  ones  between  thefe 
fubftances  in  the  nature  of  their  principles,  and  their re- 
fearches  are  proper  to  qenfirm  the  analogies  which  ap- 
proximate the  nature  of  thefe  bodiesto  each  other.  In  fact, 
upon  comparing  the  properties  of  the  fubftances  which 
analyfis  demonstrates  in  the  vegetable  and  animal  king- 
doms, finking  relations  are  to  be  found.  The  muci- 
lages, extracts,  fpiritus  rector,  faccharine  matter,  fwcet 
and  efiential  oils,  refms,  and  colouring  parts,  are  found 
in  both  kindoms :  the  fermenting  property  is  alfo  found 
in  them,  and  thefe  two  clafies  of  bodies  contain  matters 
equally  fufceptible  of  paflingto  the  fpirituous,  acid,  and 
putrefactive  fermentations.  It  is  unnecelfary  to  give 
proofs  of  this  alfertion  ;  they  are  to  be  found  in  the  hi- 
itory  of  each  of  the  fubftances  of  thefe  two  kingdoms, 
which  we  have  examined  one  after  the  other :  but  it  is 
neceflary  to  fix  the  differences  which  diftinguiih  their 
products. 

It  is  a  long  time  fince  phyficians  were  convinced  that 
animals  procured  from  vegetables  the  moil:  part  of  the  mat- 
ter proper  to  make  up  their  fubftance  ;  but  the  fluids  of  the 
firft  being  expofed  to  more  various  and  more  rapid  mo- 
tions than  thofe  of  vegetables,  it  is  eafy  to  .conceive  that 
they  ought  to  be  fufceptible  of  greater  alteration,  and 
that  their  combinations  are  more  numerous.  Indeed 
the  mucilages  of  animals  are  more  attenuated  j  the  ex- 
tracts 
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tracts  are  found  only  in  fmall  quantity ;  the  fpiritus  rec- 
tor is  more  penetrating,  more  active,  volatile,  and  tena- 
cious;  the  refins  are  found  only  in  a  few  individuals; 
their  colouring  parts  are  more  fine  and  alterable  ;  laftly, 
they  contain  faline  matters  of  a  quite  different  nature ; 
and  the  lymphatic  fluid,  concrefcible  by  heat,  juft  like 
the  fibrous  fubttance  concrefcible  by  fimple  repofe,  are 
two  new  fubftances,  owing  to  the  motion  from  animal 
life,  to  which  nothing  has  been  found  analogous  in  the 
^vegetable  kingdom,  although  the  glutinous  matter  feems 
to  produce  fome  reiembiance  between  them. 

From  thefe  obfervaiions  it  follows,  that  the  phenome- 
na which -animal  fubftances  prefent  in  chemical  opera- 
tions, fhould  differ  from  thofe  which  vegetable  fubftan- 
ces prefent  when -treated  in  the  fame  way.  On  this  ac- 
count, the  former  yield  in  general  to  the  retort  a  great 
quantity  of  volatile  alkali,  fetid  oils,  a  coal  of  difficult 
incineration;  and,  efpecially,  they  are  much  more  al- 
terable by  heat,  repofe,  and  humidity. 

Of  the  Putrefa&ton  of  Animal  Subft ances . 

Although  vegetable  fubftances  be  fufceptible  of 
being  decompofed  and  entirely  deftroyed  by  the  pu- 
trid fermentation,  as  we  have  related,  they  are  how- 
ever very  far  from  being  fo  proper  to  undergo  this  in- 
teftine  motion  as  animal  matters.  The  putrefaction 
of  thefe  laft  is  much  more  rapid,  and  irs  phenomena 
are  different  :  ali  the  fluid  and  folid  parts  of  animals 
are  equally  expoied  to  it,  whilft  feveral  vegetable  mat- 
ters feem  to  be  exempt  from  it,  or  at  lead  to  undergo 
it  with  great  difficulty  and  flownefs. 

The  putrefaction  of  animals,  which  we  muft  confi- 
der  with  Boerhaave  as  a  true  fermentation,  is  one  of 
the  moft  important  phenomena,  and  at  the  fame  time 
very  difficult  to  be  understood. 

All  the  works  of  the  philofophers,  from  Bacon  of 
Verulam,  who  had  fully  felt  the  importance  of  the  in- 
quiries upon  this  fubject,  down  to  our  days,  have  elu- 
cidated only  a  few  points,  and  hinted  at  the  general 
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phenomena  prefented  by  putrefying  fubflances.  Bee- 
cher,  Hales,  Stahl,  Drs  Pringle  and  Macbndc,  Caber, 
Baume,  the  author  of  the  eflays  upon  putrefaction, 
and  thofe  of  the  dillertations  upon  antifepties,  prefented 
with  the  prize  i  767  by  the  Dijon  academy,  have  obfer- 
ved  and  carefully  defcribed  the  facts  which  the  putrid  al- 
teration exhibits :  but  it  will  be  feen  by  the  relation  we 
are  going-  to  give,  that  a  great  number  of  experiments 
ftill  remains  to  be  made,  to  underttand  fully  the  phe- 
nomena of  this  natural  operation. 

Every  fluid  or  loft  fubflance,  extracted  from  the  bo- 
dy of  an  animal,  expofed  to  the  air  at  a  temperature  of 
ten  degrees  or  above  it,  fuffers  more  or  lefs  rapidly  the 
following  alterations.  Its  colour  turns  pale  ;  its  con- 
fiftence  diminifhes  :  if  it  is  a  folid  part  like  meat,  it 
foftens,  and  allows  a  ferofuy  to  iffue  out,  whofe  colour 
very  foon  alters  :  its  texture  is  relaxed  and  diforgani- 
fed  ;  its  fmell  becomes  difagreeable  ;  it  gradually 
thickens  and  diminiflies  in  fize ;  its  fmell  is  exalted, 
and  becomes  alkaline.  In  this  flate,  if  it  is  contained 
in  a  clofe  vefTel,  the  progrefs  of  the  putrefaction  feems 
to  relent ;  only  an  alkaline  and  pungent  fmell  is  felt. 
The  fubftance  efFervefces  with  the  acids,  and  turns 
the  fyrup  of  yiolets  green  :  but  by  opening  a  commu- 
nication with  the  air,  the  urinous  exhalation  is  diffipa- 
ted,  and,  with  a  kind  of  impetuofity,  a  particular  putrid 
infupportablc  fmell  is  emitted,  which  continues  a  long 
time,  diffufes  itfclf  every  where,  aflecls  animal  bodies 
as  a  ferment  capable  of  changing  their  fluids.  This 
fmell  is  corrected,  and  as  if  flopt,  by  the  volatile  al- 
kali. When  this  laft  fubltance  is  volatilifed,  putrefac- 
tion turns  a&iye  again,  the  putrefying  mafs  fwells  pre- 
fently,  the  colour  alters,  the  fibrous  texture  of  the 
flefh  is  almoft  no  longer  diftinguiihable  ;  it  is  changed 
into  a  foft  brown  or  yellow  matter;  its  fmell  is  nau- 
feous,  and  very  active  upen  the  bodies  of  animals. 
This  odorous  principle  gradually  lofes  its  force :  the 
fluid  portion  of  the  flefh  acquires  a  fort  of  confiltence; 
its  colour  deepens,  and  it  finifhes  by  being  reduced  in- 
to 
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to  a  friable  matter,  half  dry  and  a  little  deliquefcent ; 
which  being  rubbed  between  the  fingers,  is  reduced 
into  a  grofs  powder  like  earth.  Such  is  the  laft  date 
which  terminates  the  putrefaction  of  animal  fubftances: 
they  take  a  longer  or  morter  time  in  arriving  at  this 
point.  Eighteen  months,  two  and  even  three  years, 
Icarcely  furfke  for  the  entire  deftruction  of  animal  bo- 
dies when  expofed  to  the  air  ;  nor  has  the  total  de- 
duction of  deacf  bodies  interred,  relatively  to  the  time 
which  eiapfes  before  this  change  takes  place,  been  yet 
accurately  determined. 

From  this  relation  it  follows,  1.  That  the  conditions 
proper  for  evolving  and  fupporting  the  putrefaction  of 
animal  matters  are,  the  contact  of  the  air,  heat,  humi- 
dity, and  repofe,  or  the  inertia  of  bodies :  2.  That  the 
volatile  alkali  is  lefs  a  product  of  putrefaction  than  a 
matter  difengaged,  like  the  oils,  during  this  natural  ope- 
ration, as  it  exifls  only  for  a  certain  time,  beyond 
and  within  which  it  never  appears :    g»  That  putrefac- 
tion, effected  by  an  inteltine  motion  proper  to  organi- 
fed  fubftances,  may  be  compared  to  the  action  of  the 
fire,  as  M.  Godard  has  remarked  ;  and  may  be  confi- 
dered  as  a  fpontaneous  decompofition,  as  M.  Baume 
has  thought  ;  and  that  it  differs  from  both  only  in  its 
llownefs :  4.  That  in  this  operation  of  nature,  the  im- 
mediate principles  of  animals  act  upon  one  another  by 
means  of  the  water  which  favour  their  contact,  and  of 
the  heat  which  the  inteftine  motion  produces  ;  that 
thus  the  volatile  matters  are  gradually  diflipated  in  the 
1  order  of  their  volatility,  and  that  nothing  more  re- 
mains after  putrefaction,  except  an  infipid,  as  if  earthy, 
refiduum  :   5.  That  the  putrid  exhalation,  fo  well  cha- 
racterifed  and  diftinguilhed  by  the  olfactory  nerves, 
and  whofe  action  is  fo  ftrong  upon  the  animal  cecono- 
my,  mould  be  confidcred  as  the  true  product  of  putre- 
faction, as  this  exhalation  conftantly  exifls  in  all  fub- 
ftances which  are  putrefying,  and  throughout  the  whole 
time  of  putrefaction  ;  fince  it  is  proper  to  this  opera- 
tion, and  is  found  in  no  other  natural  phenomenon : 
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laflly,  As  it  evolves  the  putrefactive  motion  in  all  ann- 
ual bodies  which  are  expofed  to  its  action.  As  to 
the  nature  of  this  fubftance,  it  is  particularly  this  point 
which  is  fo  incompletely  underftood,  and  requires  a 
farther  inveftigation.  What  we  know  of  it,  mows  us 
that  it  is  extremely  volatile,  attenuated,  penetrating  ; 
that  pure  air,  water  in  great  quantity,  and  the  acid 
gales,  are  fufceptible  of  moderating  its  effects.  Altho' 
it  is  no  miftake  to  confound  it  with  the  fixed  air,  which 
is  difengaged  in  great  quantity  from  putrefying  fubftan- 
ces,  to  the  difengagement  of  which  Dr  Macbride  entirely 
attributed  the  caufeof  this  naturalphenomenon;  although 
we  ought  no  longer  to  compare  it  either  with  inflammable 
gas  difengaged  from  putrefcent  bodies,  or  to  the  lumi- 
nous matter  which  mines  at  the  furface  of  the  putre- 
fying folids  of  animals,  and  which  makes  thefe  fub- 
ftances appear  as  fo  many  phofphori ;  we  cannot,  how- 
ever, be  hindered  from  believing,  that  it  has  fome  very 
direct  relation  with  thefe  fubftances,  as  it  conftantly 
accompanies  them,  and  is  as  volatile,  as  fubtile,  as 
they,  and  as  it  acts  with  fo  much  energy  upon  the  or- 
gans of  animals. 

We  may,  with  M.  de  Boiflieu,  diftinguifh  four  ftages- 
in  the  putrid  fermensation  of  animal-fubftances.  The 
firft,  called  by  this  phyfician  a  tendency  to  ptdrefaclion, 
confifts  in  a  fmall  alteration,  which  is  manifefted  by  an 
infipid  or  very  flightly  mufty  fmell,  and  in  the  foftening 
of  thefe  fubftances.  The  fecond  ftage,  that  of  com- 
mencing putrefaction,  is  fometimes  indicated  by  marks 
of  acidity.  The  fubftances  which  are  fubject  to  it  lofe 
their  weight,  affume  a  fetid  fmell,  are  Ibftened,  and  al- 
low the  ferofity  to  get  free  when  they  are  in  clofe  vef- 
fels  ;  or  they  dry,  and  put  on  a  deep  colour,  if  they  are 
expofed  to  the  free  air.  In  the  third  ftage,  or  advan- 
ced putrefaction,  the  putrefcent  matters  emit  an  alka- 
line fmell,  mixed  with  the  putrid  and  naufeous  odour: 
they  become  as  if  diffolved ;  their  colour  alters  more 
and  more ;  and  at  the  fame  time  they  lofe  their  weight 
and  volume.    Laftly,  the  fourth  degree,  that  of  com- 
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pletc  putrefaaion,  manifefts  itfelf  by  the  entire  diflipa- 
tion  of  the  volatile  alkali,  of  which  no  traces  remain  : 
the  fetid  odour  lofes  its  force;  the  volume  and  the 
weight  of  the  putrefied  fubftances  are  confiderably  di- 
minifljed  ;  a  gelatinous  mucofity  feparates ;  they  gra- 
dually dry  ;  and  are  at  laft  reduced  to  an  earthy  and 
friable  fubltance. 

Such  are  the  general  phenomena  which  are  obferved 
in  the  putrefaction  of  animal-fubftances ;  but  they  are 
far  from  being  the  fame  in  all  putrefcent  fubftanees. 
There  is  at  firft  a  great  distinction  to  be  made  between 
the  put  refaction  of  the  parts  of  animals  when  alive  and  that 
of  their  organs  when  dead.    The  motion  which  exifts 
in  the  firft,  Angularly  modifies  the  phenomena  of  this 
alteration ;  and  phyficians  have  frequent  opportunities 
of  feeing  the  differences  which  exift  between  thefe  two 
ftates  with  regard  to  putrefa&ion.    Befides  that,  every 
humour,  every  folid  part,  feparated  from  a  dead  animal,, 
has  alfo  its  proper  manner  of  putrefying  :  the  mufcular, 
membranous,  or  parenchymatous,  and  more  or  lefs 
compact  texture  of  the  organs  ;  the  oily,  the  mucilagi- 
nous, or  lymphatic  nature  of  the  humours ;  their  con- 
fidence ;  their  ftate,  relative  to  that  of  the  animal  which 
produced  them  ;  influence  the  putrefactive  motion,  and 
modify  it  in  a  thoufand  ways,  which  are  perhaps  inap- 
preciable.   Laftly,  How  (hall  we  enter  into  a  difcuflion 
of  the  ftate  of  the  air,  its  temperature,  elasticity,  weight, 
drynels,  or  humidity  of  the  expofure  of  the  putrefying 
fubftance  in  different  places,  even  of  the  form  of  the 
veffels  which  contain  it?  circumftances,  all  of  which 
}\oduce  alteration  in  the  phenomena  of  fpontaneous 
putrefaction,    fr  muft  therefore  be  agreed,  that  the  hi- 
Itory  of  animal-putrefaction  is  only  begun,  and  that  the 
inveftigations  and  experiments  of  the  phyficians  and 
chemitts  of  feveral  ages,  all  united,  are  requifite  to 
render  this  fubject  complete. 
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natomieal  Tables,  exhibiting  the  various  cafes  that  occur  in 
practice  ;  accurately  reduced  and  engraved  by  A,  Bell,  on  40 

cop- 
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copperplates,  (including  an  additional  plate  of  inflrumentS# 
by  the  late  Dr  f  homas  Young),  with  explanations.  A  new 
edition,  on  fine  paper,  in  3  vols  i2mo.  Price  10s.  6&  in 
boards,  or  12  s.  bound. 
12  Dr.  Fmell.e's  fet  of  Anatomical  Tables,  and  an  Abridge- 
ment  of  the  Praftice  of  Midwifery,  with  a  view  to  illuftrate  his 
ireatife  on  that  fubjeft  and  Collection  «f  Cafes,  8vo  fee  6s. 
i2mo,fize  5s.  in  boards. 

13.  Innes's  Eight  Anatomical  Tables  of'the  Human  Body, 
containing  the  principal  parts  of  the  Skeleton  and  Mufclcs  re- 
preferred  in  the  large  Tables  of  Albinus;  to  which  are  added, 
Concife  Explanations.  New  edition,  with  an  Account  of  the 
Author.^   Neatly  half-bound,  quarto,  price  fis  6d. 

14.  Innes's  fhort  defcripl ion  of'the  Human  Muscles,  chiefly 
as  they  appear  on  diffection,  together  with  their  fcvcral  fifes, 
and  the  fynonyma  of  the  befl:  authors  ;  a  new  edition,  greatly 
improved  by  Alex.  Monro,  M.  D.  2s.  6d.  in  boards. 

£5.  The  London  Medical  Jouknal,  from  January  1781  to  the 
end  of  1783,  in  4  vols  8vo.  price  ll.  8s.  bound. 
The  fame  for  1784411  fingle  numbers,  as  well  as  any  of  the 
former  at  is.  6d  each. 
16.  Practical  Observations  on  the  more  obstinate  and 
inveterate  Venereal  Complaints,  by  J.  Schwediauer, 
M.  D.  8vo.  price  3s.  6d.  fewed. 

In  the prefs,  and foortly  will  be puhl'tfoed  by  C.  Elliot, 

I.  The  Structure  and  Physiology  of  Fishes  explained  and 
compaied  with  thofe  of  Man,,  illuflrated  with  46  large  Cop- 
perplates, in  on5e  v«ry  large  volume  in  folio,  Englifh  and  Latin, 
by  Alexander  Monro,  M.  D.  Fellow  ofthe  Royal  College  of 
Pliyficians,  andProfeffor  of  Phyfic,  Anatomy,  and  Surgery,  in 
the  Univcrfity  of  Edinburgh,  price  2I.  2s.  boards. 

II.  The  New  Dispensatory,  on  the  plan  of  the  late  Dr  Lewis, 
by  a  Phyfician  in  Edinburgh,  large  8vo. 

III.  Thesaurus  Medicus,  or  a  fclection  of  the  befl  medical 
thefts,  feltcted  and  approved  of  by  the  R.Med.  Society,  from 
the  T758  to  the  1785*  Vol.  III.  IV.  which  complete  the  Work. 

IV.  Dr  Alexander  Hamilton's  Treatise  on  Midwifery  and 
Female  Complaints,  with  the  Treatment  of  Lying-in 
Women,  and  the  management  of  new  born  children,  for  the  ufe 
of  female  practitioners  and  private  families.  It  will  be  had 
with  Dr  Smellie's  40  plates  and  explanations  at  los.  in  boards, 
or  without  the  fame  at  43.  only. 

V.  Baron  Haller's  First  Lines  of  Physiology,  tranflated  from 
the  correct  Latin  copy  printed  under  the  infpection  of  William 
Cullen,  M.  D.    To  which  is  added,  a  translation  of  the  labo- 
rious Index  compofed  for  that  edition.  The  prefent  edition  has 
been  compared  with  the  laft  publiflred  at  Gottingen  by  Pro- 
feffor  Wriftberg  ;  and  includes  a  tranflation  of  the  whole  of 
his  notes  added  to  that  edition. 


